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Human Classical Conditioning: 
Conditioned Electrodermal Responses to » 
Potentially Phobic Stimuli 


Arne Óhman, Mats Fredrikson, Kenneth Hugdahl, and Per-Arne Rimmó 
University of Uppsala, Sweden 


Ў SUMMARY 


The premise of equipotentiality, which has been widely adhered to among learn- 
‘ing theorists, states that the laws of learning should not vary with the use of V ` 
particular stimuli, responses, or reinforcements. This premise has recently been | 
challenged by some data originating within the learning tradition itself, for ex- 
ample, studies on the effects of verbal stimuli in eye-lid conditioning. More im- 
portantly, however, the premise of equipotentiality is incompatible with data from 
‘experiments carried out within a biological-ethological framework. The results of 
such studies indicate that a given species is prepared to associate certain stimuli, 
responses, and reinforcers but not others. In an attempt to examine the validity of 
this premise in human classical conditioning, we investigated the effect of pictures 
of potentially phobic objects as conditioned stimuli (CSs) for electrodermal re- 
sponses, since it has been suggested that phobias may be instances of biologically 
prepared learning, Three experiments are reported, all of them involving a long 
interstimulus intérval differential conditioning paradigm with different pictures as 
CSs and electric shock as the unconditioned stimulus (UCS). In Experiment 1 
we established that different pictures are differentially effective as CSs. A group 
conditioned to potentially phobic stimuli, snakes or spiders, showed greater resist- 
ance to extinction than a group conditioned to fear-irrelevant pictorial stimuli, 
that is, flowers or mushrooms. A third group conditioned to "representative lab- 
oratory stimuli," circles or triangles, fell in between these two groups. Experi- 
ment 2 showed that.differences in salience did not produce similar effects to those 
observed with phobic and fear-irrelevant stimuli in Experiment 1. In Experi- 
mest 3 superio? resistance to extinction for phobic stimuli was demonstrated when 
the UCS was an electric shock, but not when it was a tone to which the subject 
produced reaction times. Thus, the effect appears specific for aversive UCSs, and 
CS-UCS “belongingness” has been demonstrated. It was concluded that our data 
do challenge the premise of equipotentiality in human conditioning. There are 
several learning-theory accounts that could accommodate at least some aspects of 
the data, but they seem to be best explained in terms of biologically oriented con- 


structs, such as preparedness. 
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Within the framework of learning theory 
it has been more or less implicitly assumed 
that general laws of learning can be formu- 
lated without explicit reference to specific 
stimuli, responses, or reinforcements. Thus, 
it has been regarded as of little importance 
whether a law originates from experiments 
studying the associations between sounds 
and salivating in dogs, lights and eyeblinking 
in humans, or noise and “freezing” in rats. 
This assumption, which has been termed the 
premise of equipotentiality, has been widely 
held by learning theorists (for documenting 
quotations see Garcia, McGowan, & Green, 
1972; Seligman & Hager, 1972; Shettle- 
worth, 1972). During recent years, several 
lines of evidence have contributed to a re- 
evaluation of this central assumption. 

First, the premise of equipotentiality seems 
to be challenged by some data originating 
within the learning tradition itself. Investi- 
gating the effects of adding verbal communi- 
cations to the conditioned stimulus (CS) in 
eyeblink conditioning, Grant and coworkers 
have accumulated evidence indicating that 
performance is a function of how the CS 
relates to the unconditioned stimulus (UCS) 
within a cognitive-verbal framework (see 
reviews by Grant, 1968, 1972). One example 
involves CSs that express response com- 
mands. In a differential classical condition- 
ing paradigm it was found that superior 
differentiation between reinforced and un- 
reinforced CSs (CS+ and С5—, respec- 
tively) was obtained when the command 
"blink" was the positive and “don’t blink" 


Portions of this article were presented at the 
Fourth Scandinavian Meeting on Physiology and 
Behavior, Oslo, May 1975 and at the Fifteenth 
Annual Meeting of the Society for Psychophysio- 
logical Research, Toronto, October 1975. The re- 
search reported in this article was supported by 
grants from the Swedish Council for Social Sci- 
ence Research. The authors want to express their 
grateful appreciation to John  Furedy, Susan 
Mineka, and Constantine Poulos, who provided 
helpful comments on an earlier version of this 
article, 

Requests for reprints should be sent to Arne 
Ohman, who is now at the Institute of Psychology, 
University of Bergen, Postbox 25, N-5014 Bergen- 
U., Norway. 


à 


ÖHMAN, FREDRIKSON, HUGDAHL, AND RIMMÖ 


the negative cue as compared to when the 
contingency was reversed (Bunde, Grant, 
& Frost, 1970). 

Similarly, using positive and negative in- 
strumental rewards of eyeblink responses, 
Fleming, Cerewicki, and Grant (1968) fouud 
better differentiation between “right” and 
“wrong” arithmetic problems when the for- 
mer was positively and the latter negatively 
rewarded than when the reverse contingency 
was applied. These results, then, seem to 
indicate that a principle of “appropriate- 
ness” of the stimulus-reinforcement contin- 
gency or “belongingness” in the CS-UCS 
relationship is operating in eyeblink con- 
ditioning, at least when verbal CSs are used. 
Such principles obviously are at odds with 
the premise of equipotentiality. 

The most compelling challenge to the 
premise of equipotentiality originates 1m 
studies being carried out within a biological, 
or ethological, framework (for reviews Sec 
Garcia et al, 1972; Hinde & Stevenson- 


.Hinde, 1973; Rozin & Kalat, 1971; Selig- 


man, 1970; Seligman & Hager, 1972; 
Shettleworth, 1972). Perhaps the most con- 
vincing refutation of the premise of equipo- 
tentiality was provided by Garcia and Koel- 
ling (1966). Using rats as subjects, the) 
presented a CS compound of light, son 
and taste stimuli in conjunction either with 
x-radiation, which makes rats ill, ОГ with 
electric shock as the UCS. When testing 
parts of the compound, they found super 
conditioning to taste in rats who had ine 
ceived x-radiation and superior condition ad 
to sound or light in rats who had ies 
electric shock. Thus, for rats, taste SU at 
are easily associated with illness but пом 
all with shock, whereas the exterocePt! 1- 
stimuli could be associated with shock! 
duced fear but not at all with illness. . 
These data, then, clearly indicate that а 
principle of belongingness between the ~> 
and the UCS is operating in animal cO" 
ditioning. Other results from taste-aversion 
studies also differ markedly from um 
would be expected from conventional Te 
ing theory. Thus, the responses are ee 
on a single trial (e.g, Revusky & Bedarf, 
1967), they are acquired over interstimulus 
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intervals (ISIs) ranging in hours instead of 
seconds (e.g, Garcia, Ervin, & Koelling, 
1966), they show very slow extinction 
(Mineka, Seligman, Hetrick, & Zuelzer, 
1972), and they are not sensitive to informa- 
tional characteristics in the situation (Kalat 
& Rozin, 1972). All of these results make 
eminent evolutionary biological sense, and 
consequently, taste-aversion learning has 
been used as a model phenomenon for the 
claim that learning must be viewed from an 
adaptive biological standpoint to be com- 
pletely understood (Garcia, McGowan, & 
Green, 1972; Rozin & Kalat, 1971; Selig- 
man, 1970; Shettleworth, 1972). Thus, 
while the data generated within the learning- 
theory tradition are possible to handle by 
elaboration of traditional theories (e.g. 
Grant, 1972), the data from the biological- 
ethological tradition have been interpreted 
as questioning the generality of learning 
principles and as emphasizing the need to 
study biological constraints on learning. 

Given that biological constraints on learn- 
ing are accepted on the empirical level, 
several approaches have been used on the 
theoretical level. These approaches could be 
ordered on a continuum where one endpoint 
is represented by theories assuming that a 
general associative mechanism supplemented 
by some new principles might account for 
the data, and the other by theories assuming 
highly specialized associative mechanisms 
depending on the specific properties of the 
events to be associated. The former approach 
may be illustrated by Revusky (1971) and 
by Testa (1974, 1975). They suggest that 
the laws of conditioning supplemented by 
principles of stimulus relevance and pro- 
tection from interfering events (Revusky, 
1971) or CS-UCS similarity in terms of 
stimulus location and temporal intensity pat- 
terns (Testa, 1974, 1975) are sufficient to 
explain taste-aversion learning. 

Seligman (1970) has taken another and 
somewhat intermediate approach by sug- 
gesting that associations for a certain species 
can be ordered along a dimension of pre- 
paredness defined in terms of ease of learn- 
ing. This dimension is founded on the as- 


sumption that evolutionary contingencies have 
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prepared species to easily learn some things 
rather than others, thus implying that learn- 
ing arid instincts are points on a continuum. 
The dimension is operationally defined in 
terms of “how degraded the input can be 


- before that output reliable occurs which 


means that learning has taken place" ( Selig- 
man & Hager, 1972, p. 4). So far the di- 
mension is mainly a descriptive device for 
the ordering of learning tasks in terms of 
ease of learning. However, Seligman sug- 
gests that it may be used as a predictive 
theory if it can be shown that different 
parametric relationships of learning are valid 
for different regions of the continuum. 
Thus, assuming that it is possible to speak 
in general about "prepared learning," and 
taking taste aversion as a model phenom- 
enon, it is suggested that prepared associa- 
tions are very rapidly acquired and highly 
resistant to extinction, minimally affected 
by cognitive variables, and based on a 
physiological substate that differs from that 
of unprepared learning (Seligman & Hager, 
1972). 


The more extreme response to the obvious 


importance of biological factors in at least 
some instances of learning is to question 
the utility of general learning principles for 
any purpose other than the understanding of 
associations between arbitrary events in ar- 
bitrary laboratory situations. Such a posi- 
tion has been taken by Rozin and Kalat 
(1971) and Shettleworth (1972). who have 
argued that learning must be understood 
in terms of adaptive specializations closely 
fitted to the ecological demands of the dif- 
ferent species. Therefore, they reject Selig- 
man's (1970) idea that instances of bio- 
logically preprogrammed learning may show 
common characteristics. 

The data implying the operation of bio- 
logical constraints on learning and thus 
challenging the premise of equipotentiality 
mainly come from animal studies, and the 
paucity of human data in this field has be 
come conspicuous. Indeed, a case has been 
made for the proposition that although gen- 
eral process-learning theory may be inade- 
quate for the understanding of animal be- 


havior, it may still be quite applicable to 
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human behavior, since modern man in his 
man-made technological environment 1s 
typically required to learn about arbitrary 
events (Schwartz, 1974). 

It is true that biological factors seem to 
be implied in human acquisition of language 
(e.g., Lenneberg, 1969) and in the notion 
of developmental stages (e.g. Flavell, 1963). 
In a massive extrapolation, Seligman ( 1970; 
Seligman & Hager, 1972) has suggested that 
such data may be incorporated in the pre- 
paredness theory. However, it would seem 
advantageous to obtain data challenging the 
premise of equipotentiality in a simpler con- 
ditioning paradigm that allows analysis of 
CS-UCS contingencies, and thus a more rigid 
experimental control of the phenomenon 
under interest, as well as a closer compari- 
son with the animal data. A promising field 
for such an experimental attack might be 
human fears. Several authors have recog- 
nized the importance of biological-genetic 
factors in the acquisition of human fears and 
phobias (e.g, Lang, Rice, & Sternbach, 
1972; Lazarus & Averill, 1972; Marks, 
1969). For example, phobias are observed 
to a large but still limited set of potentially 
dangerous situations (eg. Marks, 1969; 
Seligman, 1971). Thus, phobias for small 
animals or heights are quite frequent, 
whereas we seldom encounter people phobic 
for electric outlets, houses, or flowers. 
Similarly, phobias for small animals have 
been described since ancient times, and a 
phylogenetic origin seems to be suggested 
( Marks, 1969). 

Since phobic disorders involve well-de- 
fined reactions of intense fear to specific 
situations or objects, learning theorists have 
been apt to interpret them as cases of con- 
ditioned responses (CRs). Such an analysis 
may be empirically supported by the famous 
demonstration of conditioned fear in little 
Albert (Watson & Raynor, 1920). However, 
this account of phobias seems to suffer from 
some rather severe limitations (e.g. Costello, 
1970; Seligman, 1971). For example. 
whereas phobias are rapidly acquired, con- 
ditioned fear usually requires a number of 
trials to develop. Similarly, whereas phobias 
are very hard to extinguish, conditioned 
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fear usually extinguishes quite readily. Since 
avoidance responses are very slow to ex- 
tinguish, some authors (eg, Eysenck & 
Rachman, 1965) have adopted an avoidance- 
conditioning theory of phobias. However. 
although the motor avoidance response is 
highly resistant to extinction, the conditioned 
fear that according to two-factor theory mo- 
tivates the avoidance response extinguishes 
quite rapidly (see Seligman & Johnston, 
1973), and presumably it is this component 
that is analogous to phobic fear. Further, by 
definition (Marks, 1969), phobias are ir- 
rational and noncognitive, whereas human- 
conditioned responses are very sensitive to 
cognitive factors (e.g., Grant, 1973; Grings, 
1973). Finally, conventional conditioning 
theory is unable to explain the selectivity of 
phobias with regard to objects (Seligman, 
1971). ; 

Taking the selectivity of phobias with its 
implied biological background as a starting 
point, Seligman (1971) has suggested that 
the human species during its evolution may 
have become prepared to easily associate 
certain potentially dangerous situations with 
fear. Thus, he proposes that phobias may be 
regarded as instances of prepared learning. 
This interpretation not only accounts for 
the selectivity of phobias, but it also parsi- 
moniously explains their very rapid acquisi- 
tion, slow extinction, and resistance to 
rational arguments (Seligman, 1971). 

Investigation of conditioning to potentially 
phobic stimuli, therefore, would seem to al- 
low an opportunity to examine the validity 
of the premise of equipotentiality in human 
learning, as well as to shed some light on the 
acquisition of human fears and phobias. 

Tn a recent series of studies, we have pro- 
vided support for the theory that phobias 
are examples of prepared learning by dem- 
onstrating that pictures of potentially phobic 
objects are more effective CSs for human 
subjects than nominally "neutral," fear- 
irrelevant stimuli when paired with an 
aversive shock. In the first of these studies 
(Ohman, Erixon, & Lófberg, 1975), two 
groups of subjects were exposed to three 
classes of visual stimuli while skin con- 
ductance was measured: snakes, human 
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faces, and houses. One group һай shock 
paired with the phobic stimuli; in the other 
group, half of the subjects had shock paired 
with the faces and the other half with the 
houses. The results showed superior re- 
sistance to extinction in the first-interval 
anticipatory responses (FARs; сї. Prokasy 
& Kumpfer, 1973) in the subjects having 
the phobic stimuli paired with shock. There 
were no differences in second-interval antic- 
ipatory responses (SARs), but in third- 
interval omission responses (TORs) the 
phobic group tended to show better resist- 
ance to extinction than the neutral group. 
"These results were followed up and extended 
in a second study (Ohman, Eriksson, & 
Olofsson, 1975) in which a single-cue para- 
digm was used. Thus, in contrast to the 
earlier study, each subject saw only one 
picture. The subjects having the phobic pic- 
ture as the CS showed superior resistance 
to extinction in all response components 
compared to the subjects having fear-irrel- 
evant pictures (houses) as the CS. Further- 
more, the phobic group showed significant 
resistance to extinction after only one re- 
inforcement, whereas the neutral group 
showed no significant resistance to extinc- 
tion even after five reinforcements. Com- 
parisons with groups given the CSs and the 
UCSs unpaired and groups given only the 
CSs revealed that the conditioning effect 
was a truly associative one. 

Although these studies in general provide 
support for Seligman's (1971) preparedness 
theory of phobias, they are by no means de- 
cisive with regard to the premise of equi- 
potentiality. Some limitations in the results 
must be pointed out. First, the effect of the 
phobic stimuli showed up clearly only in the 
resistance-to-extinction data. In the acquisi- 
tion data only tendencies toward better con- 
ditioning were found. A second limitation 
pertains to the fact that the effect was not 
equally strong in all response components 
measured. Rather, it seems to be most 
clearly discernible in the FAR, less so in the 
TOR, and for the SAR no effect at all was 
observed in the first study. 

Another, more important, shortcoming of 
these results with regard to challenging the 
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premise of equipotentiality is that they do 
not permit a separation of “salience” fac- 
tors in the CSs from a specific CS-UCS 
belongingness. Thus, the results so far might 
be explained in terms of the phobic stimuli 
being more salient than the fear-irrelevant, 
supposedly neutral stimuli. Such an inter- 
pretation is in line with several modern 
accounts of classical conditioning, which in- 
clude CS salience as a factor that promotes 
“good” conditioning (e.g., Mackintosh, 1975; 
Rescorla & Wagner, 1972). From the pre- 
paredness standpoint, on the other hand, 
one would expect that the good conditioning 
to phobic stimuli would exclusively pertain 
to aversive UCSs. Such an outcome, further- 
more, would provide a much more serious 
challenge to the premise of equipotentiality. 

The present series of experiments were 
initiated specifically to evaluate salience 
versus belongingness as factors behind our 
previously reported results (Ohman, Eriks- 
son, & Olofsson, 1975; Ohman, Erixon, & 
Lóiberg, 1975). As a first step, it was 
necessary to assess whether the observed 
superior resistance to extinction of the phobic 
stimuli was due to comparatively good con- 
ditioning to phobic or “bad” conditioning to 
fear-irrelevant stimuli, since Óhman, Eriks- 
son, and Olofsson (1975) noted that part 
of the success in demonstrating superior 
conditioning to the phobic stimuli could be 
attributed to the poor conditioning to fear- 
irrelevant stimuli. Since practically all hu- 
man electrodermal conditioning studies have 
involved simple, artificial, and meaningless 
stimuli, such stimuli were used as a baseline 
condition for comparison with phobic and 
fear-irrelevant pictorial stimuli of the kinds 
previously used: Second, if the previous 
results were due to larger salience of the 
phobic stimuli, similar results should be 
generated by artificial stimuli differing in 
salience. This possibility was examined in 
Experiment 2. Finally, in Experiment 3, 
CS-UCS belongingness was studied by com- 
paring phobic and fear-irrelevant stimuli as 
signals for an aversive UCS, with a condi- 
tion in which these stimuli signaled a non 
aversive UCS. 
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EXPERIMENT | 


In both the previous studies (Öhman, 
Eriksson, & Olofsson, 1975; Öhman, Erixon, 
& Löfberg, 1975), significant conditioning 
was observed during acquisition to the pic- 
tures of houses used as control fear-irrel- 
evant stimuli. However, these responses 
extinguished immediately when the UCS 
was withheld. Since conditioned electro- 
dermal responses to, for example, pure tones 
require several trials to extinguish (e.g., 
Öhman, 1974), this result led Öhman, Eriks. 
son, and Olofsson (1975) to speculate that 
the fear-irrelevant stimuli they used might 
be sampled from the contraprepared side of 
the preparedness dimension postulated by 
Seligman (1970). This possibility makes it 
imperative to investigate whether the differ- 
ence pertains to comparatively good con- 
ditioning to phobic or bad conditioning to 
fear-irrelevant pictorial stimuli by comparing 
both these conditions to more likely candi- 
dates for “unprepared” learning. The opera- 
tional definition of the preparedness con- 
cept allows an assessment of relative pre- 
paredness in terms of a dependent variable, 
that is, criterion of learning, but it is doubt- 
ful whether our knowledge of evolutionary 
contingencies ever is specific enough to 
permit predictions from the independent- 
variable side of which stimuli are prepared, 
unprepared, and contraprepared with regard 
to a certain UCS. Therefore, these concepts 
cannot be used in an absolute sense. How- 
ever, what is important here is to relate the 
previous findings with regard to the types 
of phobic and fear-irrelevant stimuli used to 
some more established neutral, normal, or 
unprepared stimuli. 

In selecting potentially phobic stimuli, 
three criteria were used. First, the stimuli 
should involve typical phobic objects that are 
encountered among people in the clinic; sec- 
ond, a phylogenetic origin should be sug- 
gested; third, the stimuli should be easy to 
Tepresent in pictorial form. On this basis, 
snakes and spiders were selected. The fear- 
irrelevant pictorial stimuli should (а) in- 
volve objects for which an evolutionary 
preparedness to he easily associated with 
shock-induced fear would be farfetched and 


(b) be similar to the phobic stimuli in gen- 
eral characteristics such as background. On 
this basis, flowers and mushrooms were 
selected because the pictures used showed 
the central object against a background of 
ground or grass as did the snake and spider 
pictures. Finally, the baseline “conventional 
laboratory stimuli” should be representative 
for the type of CSs generally used in elec- 
trodermal conditioning experiments. The 
basic requirement, therefore, was that these 
stimuli should be arbitrary, meaningless, and 
abstract. Thus, geometrical forms such as 
circles and triangles were chosen. 

The primary purpose of Experiment 1 
was to compare conditioning and resistance 
to extinction for the three classes of visual 
stimuli defined above. A second purpose was 
to see whether the effect of potentially 
phobic stimuli would be observable also in a 
genuine differential paradigm. Because such 
a paradigm allows unconfounded assessment 
of conditioning on a within-subjects basis 
(сї. Lockhart & Grings, 1963), it is likely to 
be a more sensitive tool than the previously 
used between-subjects design. In general, а 
differential paradigm is justified because 
snakes and spiders do not differ in orienting 
response (OR) elicitation (Öhman, Eriks- 
son, Fredrikson, Hugdahl, & Olofsson. 
1974). In the present design, which stimulus 
served as CS+ and CS— was counter- 
balanced so that, for instance, half of the 
subjects in the potentially phobic group hal 
shock paired with the snakes and the other 
half with the spiders. Thus, this procedure 
also allowed an assessment of whether the 
results previously found with snakes might 
be extended to a second class of potentially 
phobic stimuli, that of spiders. 


Method 


Subjects. The subjects were 60 students the 
tending introductory courses in psychology at aid, 
University of Uppsala. Half of them were gs 
while participation of the other half was раг ап 
а course requirement. There were 38 females j- 
22 males, and the age range was between 
years. d by 
Apparatus. Skin conductance was жез „гы 
а Hagfors-type constant voltage circuit Offner 
ables & Christie, 1973) through Beckmat ameter 
silver /silver chloride electrodes having ? 
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of 8 mm and embraced in a plastic cup filled with 
Beckman-Offner electrode paste. Respiration, which 
was used as a control variable, was measured by a 
strain gauge fastened around the subject’s chest. 
Skin conductance could be read from a digital 
display and was also recorded on paper on a 
Hewlett and Packard 7700 polygraph. 

Electric shock UCS was delivered through 
silver electrodes from a capacitor that was charged 
by a manipulable, stabilized de current. 

Color slides, 24-36 mm, were projected from 
two Sawyer projectors on a milk-glass screen 
placed approximately 1.5 m in front of the subject. 
The size of the visible picture was 50X75 cm. 
The exposure time was controlled by two elec- 
tronic timers. The interval between the successive 
exposure of the slide CS as well as the interval 
between the CS and the UCS had been programmed 
on a dual-channel Tandberg tape recorder, which 
started the timers by activating relay detectors. 

The CSs consisted of three groups of color 
slides, There were 10 different slides each of snakes 
and spiders, triangles and circles, and flowers 
and mushrooms. The circles and triangles were 
black and appeared against brown or green back- 
grounds, the stimulus dimensions being perfectly 
correlated so that each subject discriminated be- 
tween both form and color. The direction of the 
correlation, however, was counterbalanced. Each 
subject was shown two pictures, either snake- 
spider, circle-triangle, or flower-mushroom de- 
pending on which group he was allotted to. Thus, 
cach subject saw the same two pictures through- 
out preacquisition-CS-alone presentations, acquisi- 
tion, and extinction, but different subjects in the 
same group were shown different snakes, spiders, 
and so on, in order to randomize out influences 
from aspects of the pictures unrelated to the 
central themes. All pictures served as CS+ and 
CS— equally often. 

Design. The basic design was a split-plot 3 X 2 
factorial with the first factor (type of CSs) ran- 
domized and the second factor (CS+ vs. CS—) 
having repeated measurement. Thus, the design 
involved three groups of 20 subjects each. In the 
statistical evaluation of the data, a trial factor 
having repeated measurement was added. All 
conditioning effects, that is, CS+/CS— differences, 
were examined with a priori ¢ tests. A rejection 
region of .05 was adopted for all comparisons. 

Procedure. The subjects were allotted to groups 
according to a predetermined schedule. When re- 
porting to the laboratory, each subject was asked 
to enter a dimly lit room and to sit down in a 
comfortable armchair. The apparatus was placed 
outside this room. Electrode sites were washed 
with distilled water and the skin-conductance elec- 
trodes were fastened by adhesive collars to the 
palmar side of the medial phalanx of the first and 
second fingers of the subject's left hand. The 
electric shock electrodes were placed on the tips 
of the first and second fingers of the subject’s right 
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hand. The respiration strain gauge was attached 
around the subject’s chest. 

The intensity of the shock UCS was deter- 
mined individually for each subject. The experi- 
menter gradually increased the shock level until 
the subject reported that the shock was "uncom- 
fortable but not painful.” 

In order to facilitate differentiation and limit 
generalization across classes of stimuli, the sub- 
jects were explicitly informed about the CS-UCS 
contingency. Thus, each subject was informed that 
he would be shown two pictures and was told 
which picture would sometimes be followed by 
the shock UCS. Which stimulus served as CS+ 
and CS— was counterbalanced across subjects. 

The duration of the CS pictures was 8 sec; 
shock followed immediately at the offset, producing 
an ISI of 8 sec. The intertrial interval (ITI) 
varied between 20 and 40 sec in steps of 5 sec 
with a mean of 30 sec. The pictures were presented 
in randomized orders with the restriction that the 
occurrence of more than two successive presenta- 
tions of the same stimulus was prevented. 

The preacquisition-CS-alone phase consisted of 8 
CS-alone presentations, 4 to-be CS+, and 4 to-be 
CS—. During acquisition there were 5 reinforced 
presentations of CS+ and 5 unreinforced presenta- 
tions of CS—. The extinction phase, finally, in- 
volved 10 unreinforced presentations of each of 
the two stimuli. 

Response definitions. Skin-conductance multiple 
responses were measured in micromhos according 
to the criteria proposed by Lockhart (1966), and 
they were labeled according to suggestions by 
Prokasy and Kumpfer (1973). Thus, FARs were 
defined as the maximal change in conductance 
starting 1-4 sec after CS onset, and SARs were 
defined as the maximal deflection 4-9 sec after CS 
onset. During habituation and extinction, TORs 
were scored in the interval 1-4 sec after CS offset. 
Trials with respiratory irregularities were excluded 
from further analysis. Responses for all intervals 
during the entire experiment were range-corrected 
according to the suggestions by Lykken (Lykken, 
1972; Lykken & Venables, 1971). Thus, each 
response was expressed as a proportion of the 
subject’s maximal response during the experiment 
according to the formula Agis = SCRis/SCR imaz. 
This implies that all the skin-conductance responses 
(SCR) of a certain subject (ir) were divided by 
his maximal response (imax) during the experi- 
ment. To justify this procedure, it is necessary to 
demonstrate that the groups do not differ in maxi- 
mal responses. 


Results 


The groups did not differ in maximal 
responses, F(2, 57)— 71, the means being 
.729, 1.013, and .671 for the snake-spider, 
the circle-triangle, and the flower-mush- 
room groups, respectively. The results for 
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the analyses of variance (ANOVAs) of the 
different response components from the dif- 
ferent phases of Experiment 1 are sum- 
marized in Table 1, and the means for the 
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Ficure 1. Mean range-corrected first-interval 
anticipatory skin-conductance responses (SCR) 
to reinforced (CS+) and unreinforced (CS—) 
stimuli in the snake-spider, circle-triangle, and 
flower-mushroom groups of Experiment 1 as a 


function. of trials during habituation, acquisition, 
and extinction, 
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three groups are plotted as a function of 

trials in Figures 1, 2, and 3. 
Preacquisition-CS-alone trials. The FAR 

and TOR magnitudes decreased over trials, 
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anticipatory skin-conductance responses (SCR) i 
reinforced (CS+) and unreinforced (CS—) stimuli 
in the Snake-spider, circle-triangle, and flower- 
mushroom Eroups of Experiment 1 as a function 


of trials during habituation, acquisition, and ex- 
tinction, 
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whereas the SAR magnitude remained es- 
sentially stable (see Table 1 and the left 
parts of Figures 1-3). The instruction pro- 
duced differentiation between CS+ and 
CS— for all response components in the 
snake-spider, circle-triangle, and flower- 
mushroom groups, respectively: #(57)= 
1.96, 2.27, and 3.00 for the FAR; #(57)= 
2.77, 2.38, and 1.86 for the SAR; and #(57) 
= 3.75, 1.67, and 2.71 for the TOR. There 
were no differences in degree of differentia- 
tion between the three groups. 

Acquisition. The acquisition curves for 
the FARs and the SARs are shown in the 
middle parts of Figures 1 and 2, and the F 
ratios are given in Table 1. There were 
highly significant overall effects of stimulus 
pairing on both response components, and 
the 2 tests indicated reliable conditioning in 
all groups. The t values in the snake- 
spider, circle-triangle, and flower-mush- 
room groups, respectively, were: t(57)= 
6.06, 4.64, and 4.23 for the FARs; and 
1(57) = 3.46, 4.00, and 2.13 for the SARs. 
Additional evidence of conditioning was 
provided by the progressively better dif- 
ferentiation with training for the SAR as in- 
dicated by the significant CS+ Versus (oS 
х Trials interaction. All three groups ap- 
peared to acquire the responses at about the 
same rate, since the Groups X CS+ Versus 
CS-— interaction failed to reach significance. 
However, when the differences between 
CS+ and CS— during acquisition were 
compared to the instructed differentiation 
during the preacquisition-CS-alone trials, 
only the snake-spider and circle-triangle 
groups increased the differentiation in FAR 
as a function of UCS administration, t(57) 
— 3.33 and 1.82, respectively, whereas the 
flower-mushroom group failed to do so. 
None of the groups increased the differentia- 
tion in SARs achieved by the instruction 
during the preacquisition-CS-alone trials 
when the UCS was introduced. Thus, there 
is some basis for suggesting that the flower— 
mushroom group showed less of a "genuine" 
conditioning effect than the two others. 

Extinction. Extinction data are shown in 


the right parts of Figures 1, 2, and 3 and 
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Ficure 3. Mean range-corrected third-interval 
omission skin-conductance responses (SCR) to 
reinforced (CS+) and unreinforced (CS—) 
stimuli in the snake-spider, circle-triangle, and 
flower-mushroom groups of Experiment 1 as a 
function of trials during habituation and extinction. 
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TABLE 1 
F RATIOS FOR THE Various RESPONSE COMPONENTS DURING THE DirrERENT PHASES 
OF EXPERIMENT 1 кы 
4 Habituation Acquisition Extinction 
Source dj FAR SAR TOR dí БАК SAR df FAR SAR TC na 
ENG. Lc. En t 2. <1 1.52 <1 «1 
Groups (G) 2 140 241 2.10 | 1 л 
Subjects within groups (SWG) 57 (.169) (033) (.105) 57 (220) (031) (.366) (072) (200) 
Stimuli (S) 1 17.93 0.28+ 23.04% 1 70.35* 30,57* 1 57.50% 42,52* 02.41% 
SXG 2. 2.96 «1 <i 2° 15006 <I 2 4.00% «1 rsg 
S X SWG 57 (051) (021) (.029) 57 (.055) (.035) 57 (040) (040) (.096) 
a* 
Trials (T) 3 12.67* «1 10.15* 4 2.86* 3.15% 9 3.08* 1.26 214 
TXG 6 «1 «1 «1 8 «1 «1 18 1.52 1.58 EM, 
T X SWG 171 (020) (012) (018) 228 (028) (013) 513 (032) (016) — (024 
SXT 3 1.46 «1 3.64* 4 «1 2.84* 9 «1 « 1 en 
SXTXG 6 <i «1 114 8: 7.34 LENTES coal 
SXT XSWG V (018) (010) (013) 228 (021) (013) 513 (025)  (.016) .02 


Note. Error mean squares appear іп раге! 
second-interval anticipatory response, and TOR = third-intery: 
*p < .05. 


the F ratios are given in Table 12 Again, 
there was a highly significant overall differ- 
entiation between CS+ and CS— for all 
response components and for the snake- 
spider, circle-triangle, and flower-mushroom 
Sroups, respectively : (57) = 6.44, 3.47, and 
2.00 for FARs; (57) = 4.05, 2.66, and 4.57 
for SARs; and #(57)= 5.93, 4.23, and 3.55 
for TORs. Both the FAR and the TOR 
decreased with trials but this effect appeared 
similar for both CS4- and С5—, since the 
Stimulus x Trials | interactions were not 
significant. 

The groups differed in resistance to ex- 
tinction, however, as indicated by the sig- 
nificant interaction in FARs between dif- 
ferentiation and groups. In order to estimate 
these group differences, a mean difference 
score reflecting differentiation during extinc- 
tion was caleulated for each subject, and a 
one-way ANOVA was carried out on these 
values. The effect of groups was found to 
he significant, 7 (2, 57) = 3.37, and Tukey’s 
honestly significant difference (HSD) 
showed a significant difference between the 
snake-spider group on the one hand and the 
flower-mushroom group on the other, q(57) 
7.81, indicating superior resistance to 
extinction in the former treatment. The 
circle-triangle group did not differ from the 
other two groups, which by conventional 
statistical logic implies that it occupied an 
intermediate position. (cf. Winer, 1962). 


ntheses; df = degrees of freedom; 


FAR = first-interval anticipatory response, SAR = 


al omission response, 


As is obvious in Figure 2, the groups 
showed about equal resistance to extinction 
in SARs. For the TOR, however, there was 
a tendency toward better differentiation К 
the snake-spider group, but this effect dic 
not reach significance, munit 
Conditioning to individual stimuli. hock 
of the subjects in each group had piri 
paired with one of the cues and the ot is 
half had shock paired with the other d 
Thus, for instance, 10 subjects in the "€ 
spider group had snakes as CS+, and ey 
subjects had snakes as CS—. By compe 5 
these two subgroups in responding to sna i d 
the conditioning effect of this stimulus ape 
be determined. Such between-subjects P 
sessments of conditioning to each of the a 
different stimuli used in Experiment 1 pies 
carried out with Ё tests on the poet 
data so that it could be decided which of у= 
individual stimuli were effective in bring 
about resistance to extinction. The ЖУ. 
and the ¢ values for these comparisons “i 
given in Table 2. For the snakes, there ЖЕ 
significant resistances to extinction for 


2 г data, 

2 For the purpose of comparison with sitet oe 

the means in umho of conductance MEA 3 5+ 

tion might be of interest. For the the | .189 

and CS—, respectively, they were AO for the 

for the snake-spider group, .346 and di for the 
circle-triangle group, and .230 and .16 


flower-mushroom group. 
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SAR and the TOR but not for the FAR. 
For the spiders, all response components 
showed remaining stimulus-pairing effects. 
The flowers showed differentiation for SARs 
but not for FARs and TORs, and the mush- 
rooms showed differentiation for SARs and 
TORs but not for FARs. The triangles 
failed to produce differentiation in FARs 
but did so for SARs and TORs, whereas 
there was no evidence of differentiation for 
the circles. Thus, phobic stimuli showed sig- 
nificant resistance to extinction in five out of 
six tests, the fear-irrelevant pictorial stimuli 
in three out of six, and the conventional 
laboratory stimuli in two out of six tests. 


Discussion 


Similar to previous findings (Öhman, 
Eriksson, & Olofsson, 1975; Öhman, Erix- 
son, & Löfberg, 1975), the group conditioned 
to the potentially phobic stimuli showed 
reliably better FAR differentiation during 
extinction than the group conditioned to 
fear-irrelevant pictorial stimuli, such as 
flowers and mushrooms. The group given 
“representative laboratory stimuli,” such as 
forms and colors, showed an extinction per- 
formance falling in between the two ex- 
tremes represented by the snake-spider and 
flower-mushroom groups. Thus, the phobic 
stimuli tended to produce somewhat better 
and the fear-irrelevant pictorial stimuli 
somewhat worse resistance to extinction 
than the conventional laboratory stimuli. 
This picture is corroborated by the acquisi- 
tion data and by the results from the tests of 
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resistance to extinction of the individual 
stimuli. Thus, the snake-spider and circle- 
triangle groups, but not the flower-mush- 
room groups, increased the differentiation 
between CS+ and CS— achieved by the in- 
struction when the UCS was presented 
during the acquisition. phase, whereas the 
tests on individual stimuli essentially in- 
dicated that the phobic stimuli were superior 
io the two other stimulus categories. 

Tt seems clear, therefore, that the previous 
results were due to comparatively good con- 
ditioning to potentially phobic stimuli, but 
that this effect may be enhanced by a tend- 
ency toward bad conditioning to fear- 
irrelevant pictorial stimuli, It might seem 
tempting to apply Seligman's (1970) defini- 
tion of the preparedness dimension on these 
data and to regard the association between 
snakes/spiders and shock as relatively more 
prepared, and the associations between 
flowers/mushrooms and shock as relatively 
less prepared than the association between 
circles/triangles and shock. At any rate, the 
data show different categories of visual 
stimuli to differ in associability with the 
shock UCS, thus casting doubts on the 
yalidity of the premise of equipotentiality. 

The fact that it is possible to demonstrate 
superior conditioning to phobic than to fear- 
irrelevant stimuli in a differential paradigm 
indicates that there is no extensive gen- 
eralization across classes of potentially 
phobic stimuli. This is in agreement with 
clinical data, since phobias for small ani- 


TABLE 2 


Mran RESPONSE MAGNITUDES TO RE 


(FORCED (CS+) AND UNREINFORCED (CS 
BETWEEN-SUBJECTS COMPARISONS IN EXPERIMENT 1 


FOR STIMULI 


—) Cugs 


DURING EXTINCTION AND / VALUES FOR 


ка. p SAR TOR 
Stimulus CS CS4 — Cs— m = ON 
Snake .208 107 .015 2.03* .203 .030 2.99* 
Spider .286 092 024 2 g7* E ‘023 A 
Flower 136 109 .021 2.45* .081 .036 1.69 
Mushroom .165 ALi 017 3.22* 202 027 304" 
Triangle 245 124 039 2.67* 226 048 dios 
Circle 181 1054.033 .68 2154.071 1.30 


Note. Measured in range~ 
response, and TOR = third 
*p <.05. 


“interval omission response. 


corrected micromhos; FAR = first-interval anticipatory response, SAR = second-interval anticipatory 
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mals usually are monosymptomic (Marks, 
1969). 

From the present data, the spiders appear 
even more effective as CSs for electric 
shock UCSs than the snakes, since they 
were the only stimuli to show reliable 
resistance to extinction of all response com- 
ponents in the tests on individual stimuli. 
Thus, the previous results are not specific 
to snakes but may be extended to cover a 
second class of potentially phobic stimuli. 


ExPERIMENT 2 


The results from Experiment 1 show that 
potentially phobic stimuli show superior 
resistance to extinction to neutral stimuli, 
The nature of this effect, however, remains 
debatable. Thus, on the one hand, we may 
be dealing with preparedness in Seligman’s 
(1970) sense, or on the other hand, the 
differences between groups might be explain- 
able in terms of salience of the different 
stimuli. Thus, at least two recent theories 
of classical conditioning include a salience 
parameter that affects rate of learning 
(Mackintosh, 1975; Rescorla & Wagner, 
1972). 

If salience is operationally defined in terms 
of OR provocation, a salience theory could 
be elaborated and indirectly supported by 
data. Let us thus first assume that a highly 
salient stimulus provokes a large and slowly 
habituating OR. It might then be suggested 
that slow habituation of the OR is related to 
good electrodermal conditioning and, par- 
ticularly, to superior resistance to extinction, 
This suggestion is supported by the findings 
of Ohman and Bohlin (1973), who com- 
pared groups of subjects showing slow and 
fast habituation of the electrodermal OR. 
The former group tended to show better 
FAR differentiation during acquisition than 
the latter, and more important, it was 
markedly superior in FAR differentiation 
during extinction. These results, then, are 
quite similar to those obtained with phobic 
and fear-irrelevant pictorial stimuli in Ex- 
periment 1. The third proposition in this 
alternative salience theory is that phobic 
stimuli give slower habituation of the OR 
than neutral stimuli, and this statement is 
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strongly supported by data presented by 
Ohman et al. (1974). This theory, then, 
would account for the data on phobic con- 
ditioning in terms of OR-defined stimulus 
salience. 

Attractive as this account may seem, 
there is still a crucial bit of evidence lacking. 
Ohman and Bohlin (1973) manipulated OR 
habituation by selecting subjects showing 
different rates of habituation, whereas OR 
habituation in the phobic case is manipulated 
by selecting stimuli that differ in salience. 
What is needed, therefore, is an experiment 
comparing conditioning and resistance to ех- 
tinction of stimuli differing in salience and 
thus in OR habituation, but where the dif- 
ference in OR elicitation between the stimuli 
cannot be regarded as due to factors like 
preparedness (cf. Klimova, 1965). at 

Berlyne and coworkers (Berlyne, 1958; 
3erlyne, Craw, Salapatek, & Lewis, 1963) 
have demonstrated that perceptually СОП 
plex stimuli elicit more orienting than випр е 
stimuli. Accordingly, in Experiment = NS 
compared the performance of a group UA 
quired to differentiate between highly vor? 
criminable but complex stimuli with a HW 
differentiating between simple stimuli. Tf i 
former group shows slower habituation e 
the OR, and superior conditioning and 
resistance to extinction to the latter, оцу 
salience theory for the effect of phobic 
stimuli is strengthened. On the other hand, 
if the complex group shows slower habitus: 
tion but fails to exhibit better conditions 
and resistance to extinction compared to 
the simple group, then the OR and thus 
salience may be excluded as a factor mediat- 
ing the effect of phobic stimuli. 


Method 


Subjects. Forty-seven subjects were peru 
from introductory psychology course at the d 25 
versity of Uppsala. Twenty-two were paid, TE 
participated as a class requirement. There was 
29 females and 18 males, and the age range was 
19-27 years. i ro- 

Рр Де, The apparatus and the general Due 
cedure were identical to those used i КАЙ К 
ment 1. The CSs were chosen to differ БЕ е 
of the complexity dimensions used by d from 
(1958). Thus, the high-OR stimuli differed fr 
the low-OR stimuli in irregularity of composition, 
number of elements, heterogeneity of éléments 
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and irregularity of form. As high-OR stimuli, an 
abstract drawing was projected on a green or 
yellow background, the background thus providing 
cues for CS+ and CS—. The low-OR stimuli 
simply consisted of the background colors with 
no superimposed form. 

To make sure that two types of stimuli did 
differ in OR provocation, one group of 15 sub- 
jects was exposed to 16 presentations of complex 
and simple stimuli in randomized order, so that 
response magnitude and habituation could be 
assessed to each of them (cf. Óhman et. al, 1974, 
Experiment 2). 

In the main experiment, 16 subjects were ex- 
posed to the high-OR stimuli and 16 others to 
the low-OR stimuli. There was an initial habitua- 
tion phase consisting of three exposures of each 
of the two colors serving as to-be CS+ and CS-. 
This was immediately followed by an acquisition 
session of eight reinforced presentations of one 
color and eight unreinforced presentations of the 
other, the cue serving as CS being counter- 
balanced across subjects. The terminating extinc- 
tion series also involved eight presentations of 
cach of the two cues. 

The CSs were exposed for 8 sec with a shock 
UCS following immediately at CS offset during 
acquisition. The ITI varied between 30 and 50 
sec with a mean of 40 sec. The subjects were 
not instructed about stimulus contingencies before 
the experiment. The responses were range-cor- 
rected as in Experiment 1. 


Results 


Habituation group. Six of the 15 subjects 
in this group failed to give a response to the 
first stimulus presentation, and therefore 
they were discarded. Because of this loss in 
degrees of freedom, the error terms were 
pooled (Winer, 1962, p. 202). There was 
an overall decrease in response magnitude 
over trials, F (15, 248) = 5.15. The responses 
were larger to the high-OR than to the 
low-OR stimuli, F (1, 248) = 4.14, the means 
being .129 and .079, respectively. The re- 
sponses to the low-OR stimuli took fewer 
trials to reach a criterion of three successive 
zero responses than the high-OR stimuli, t 
(8)= 2.07, the means being 1.6 and 5.1 
trials, respectively. Thus, it is clear that the 
high-OR stimuli did give more orienting 
than the low-OR stimuli. 

Habituation in the main experiment. The 
maximal response did not differ between the 
high- and low-OR groups, F 1, 30)=.24, 
the means being .669 and .587 micromhos, 
respectively. 
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The responses were reliably larger to the 
high-OR than to the low-OR stimulus on 
the first stimulus presentation, t(30) = 2.82, 
the critical value being 2.44 with correction 
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Ficvkk 4. Mean range-corrected first- and sec- 
ond-interval anticipatory responses and third- 
interval omission responses (FARs, SARs, and 
TORs, respectively) to reinforced (CS+) and 
unreinforced (С5—) stimuli in the complex and 
simple groups of Experiment 2 as a function of 
trials during acquisition and extinction. (SCR= 


skin-conductance response.) 
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for pooled errors (Kirk, 1968, p. 268). This 
difference did not hold throughout the 
habituation phase, however, since the overall 
F did not reach significance, F(1, 30) 22.82. 
Thus, as in the habituation study with 
phobic stimuli (Óhman et al., 1974), effects 
were more easily detected with a within- 
subjects than with a between-subjects de- 
sign. The only Significant effect during 
habituation pertained to a decrease over 
trials, F (2, 60) = 20.96, 

Acquisition. The data from the main ex- 
periment are shown in Figure 4. Both the 
high- and the low-OR groups showed reli- 
able differentiation in FARs, (30) = 3.03 
and 2.43, respectively, the overall effect 
being F(1, 30) — 15.40. The interaction be- 
tween OR provocation and conditioning re- 
sulted in an F less than 1. The only other 
significant effect pertained to a decrease in 
magnitude over trials, F(7, 210) = 2.95. 

For the SAR, the conditioning effect was 
reliable only in the low -OR group, #(30) 
= 4.00; for the high-OR condition, £(30) 
— L62. This difference between the two 
groups was not evident in the ANOVA, 
Since here only the main effect of condi- 
tioning was significant, F(1, 30)= 15.75, 

Extinction. The FAR and the TOR 
showed similar results during extinction. 
Thus, there was significant differentiation 
in both groups: #(30)=2.71 and 2.57 for 
the FAR, and #(30)= 2.56 and 2.50 for the 
TOR, for the high- and low-OR groups, 
respectively.The overall effect was also sig- 
nificant: F(1, 30) = 13.28 and F(, 30)= 
13.33 for the FAR and the TOR, respec- 
tively. There was an overall decrease with 
trials for both measures, F(7, 210) = 4.29 
for the FAR, and F(7, 210) — 3.86 for the 
TOR. No other effects were reliable. 

For the SAR, there were larger responses 
to CS+ than to CS— in the low-OR group, 
1(30) = 2.26, but not in the high-OR group, 
1(30) = .22, The overall effect of CS+ 
versus CS— was not significant, I? (1, 30) = 
3.25, nor were any other effects.? 


Discussion 


The results from Experiment 2 show that 
a complex CS, in Spite of producing more 
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slowly habituating ORs than simple stimuli, 
fails to give more conditioning or better re- 
Sistance to extinction than a simple CS. 
There is nowhere in the data even a tend- 
ency toward superior differentiation in the 
high-OR group. Thus, if it is accepted that 
salient stimuli give more orienting, it is 
highly unlikely that the effect of phobic 
stimuli found in Experiment 1 may be ex- 
plained by the salience theory. 

It could be argued that the difference in 
OR habituation between the phobic and 
neutral stimuli is larger than the difference 
between the complex and simple stimuli used 
in Experiment 2, and that, therefore, salience 
may still be a factor behind the conditioning 
results with phobic stimuli. However, the 
difference in trials to a criterion of habitua- 
tion for the phobic and the neutral groups 18 
of the same magnitude as that found between 
complex and simple stimuli in Experiment 
2, that is, about three trials (cf. Óhman et 
al., 1974). Therefore, we may conclude that 
the results from Experiment 2 indicate that 
salience is not a factor behind the superior 
resistance to extinction of phobic stimuli. 


EXPERIMENT 3 


In Experiment 2 we demonstrated that 
stimuli differing in salience did not ge 
results similar to those of phobic and fear- 
irrelevant pictorial stimuli in Experiment l, 
and therefore, that salience is an unlikely 
explanation of the superior conditioning to 
phobic stimuli. In Experiment 3, the analysis 
of the phobic conditioning effect was pursue 
a step further by investigating whether ^ 
was possible to demonstrate belongingnes 
between phobic stimuli and aversive U А * 
Thus we examined whether the super. 
resistance to extinction of phobic ign 
was specific for the electric shock UCS тА 
comparing phobic and fear-irrelevant р, 
torial stimuli as signals for such an бер 
With a condition where these stimuli signale 
a tone to which the subject was requir 


Я ing Ex- 
* The means for the FAR in umho d the 


tinction were 248 and 118 for the or 123 in 
CS— in the high-OR group, and 227 and - 
the low-OR group. 
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io produce reaction times by pressing a key. 
It is clear that conditioninglike effects are 
obtained to the warning stimuli in reaction 
time tasks; that is, there is more electro- 
dermal activity to a stimulus signaling the 
reaction time task than to a similar stimulus 
presented alone (Baer & Fuhrer, 1969; 
Fuhrer & Baer, 1970). 

It should be noted that a demonstration 
of CS-UCS belongingness excludes the pos- 
sibility of any general property of the CS 
being the basis for superior conditioning, 
since it shows that the effect is due to as- 
sociations between events (cf. Schwartz, 
1974), Furthermore, while belongingness is 
directly predicted by the biologically ori- 
ented theorists (eg, Rozin & Kalat, 1971; 


Seligman, 1970), it is difficult to handle 
within a learning-theory framework. 


Method 


Subjects. Forty psychology students yolunteered 
as subjects. There were 30 females and 10 males, 
and the age range was 20-30 years. 

Procedure. The apparatus and general procedure 
were identical to those in Experiment 1, with two 
exceptions. First, the subjects were placed in a 
specially constructed sound-deadening experimental 
chamber, which allowed better control of ex- 
traneous variables and also resulted in larger CS 
pictures, 60 х 95 cm, than the one used in Ex- 
periment 1. Second, ло instructions about stimulus 
contingencies were given prior to the experiment. 

There were four experimental groups arranged 
in a 2X2 factorial design with phobic (snakes 
and spiders) versus neutral (flowers and mush- 
rooms) stimuli and shock versus reaction time 
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tasks as factors. A differential paradigm similar 
to that in Experiment 1 was used. During the 
habituation phase, 4 presentations each of the 
to-be CS+ and CS— were given. Acquisition in- 
volved 8 reinforced CS+ presentations and 8 
unreinforced presentations of CS—. The extinction 
phase, finally, was extended to 20 presentations 
of each of the two cues. 

The CS pictures: were exposed for 8 sec; the 
shock UCS, which was identically defined to that 
in Experiment 1, followed immediately at offset. 
The imperative stimulus for the reaction time 
task was a tone that also followed immediately at 
CS offset during acquisition, The tone had an 
intensity of 84 dB (A) and was turned off when 
the subject pressed the response key that was 
placed in his right hand. The ITI varied between 
20 and 40 sec with a mean of 30 sec. 


Results 


The groups did not differ in maximal 
responses: F(1, 36)= 1.50 for the phobic- 
neutral comparison and F(1, 36)=.76 for 
the UCS comparison, Thus, the range cor- 
rection is justified. 

Habituation. Only the FAR was analyzed 
during habituation, since no instruction 
about stimulus contingencies was given in 
Experiment 3. The phobic groups did not 
differ from the neutral ones, F(1, 36) — 1.49 
(see Figure 5). The groups exposed to the 
shock UCS in the workup procedure were 
sensitized to show larger responses than those 
in the reaction time (RT) groups, F(1, 
36) = 6.32. The Tesponses to the to-be CS— 
were larger than those to the to-be CS+, 
F(1, 36)= 5.66, and the former responses 
decreased more in magnitude than the latter, 
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F(1, 36)— 8.32, for the Trials х Condi- 
tioning interaction. These effects were due 
to the fact that the first stimulus always 
was a С5—. 

Acquisition. The F ratios for the ANOVAs 
excluding the sources involving trials are 
given in Table 3. For the FAR, there was 
reliable acquisition only in the shock groups: 
1(36) = 3.71 for the phobic and 1(36) = 2.85 
for the neutral group. All four groups 
showed diverging trends for CS+ and CS-, 
however, which may be construed as evi- 
dence for some acquisition also in the RT 
groups, F(3, 108) = 21.20, for the Trials 
X Conditioning interaction. In order to 
maximize the possibilities of observing ac- 
quisition effects on the FAR in the RT 
groups, the first extinction trial was taken 
as a test trial (cf. Óhman, Eriksson, & Olofs- 
son, 1975). Reliable differentiation between 
CS+ and CS— occurred in the neutral 
group, £(18) — 1.90, but not in the phobic 
group, £(18) — .66. А 

The means for ће SAR are shown in 
Figure 6, and the F ratios for the stimuli, 
UCS, and conditioning factors are given 11 
Table 3. The responses were larger 1n the 
shock than in the RT groups. The applica- 
tion of reinforcements resulted in reliable 
overall conditioning. Individual £ tests, how- 
ever, indicated reliable differentiation only 
in the phobic-shock group, £(36) —2.31, and 
neutral-shock group, #(36) = 2.80, although 
the UCS x Conditioning interaction failed 
to reach significance. 


TABLE 3 


F RATIOS FOR THE Various REspo 


NSE COMPONENTS EXCLUDING THE Sources INVOLVING 
TRIALS DURING THE DIFFERENT PHASES OF EXPERIMENT 3 


Acquisition 


* t Extinction —— 0. 
En df FAR — SAR. "m FAR SAR 10% Е 
Groups (С) 1 2.29 E 5.83* 20+. 10.32* 
Unconditioned stimulus (UCS) 1 <1 n 132. 1:30 E 
GXUCS . ; P POUR UNE T 1. 221.. qns 1255) 
Subjects within groups (SWG) 36 (1438) (.0357) 36 (.2522) (.0841) (09 
Stimuli (5) l 944+ 7.66* 1 20,90 4.26* 2560 
SG 1 si «1 1  10.29* <1 ©» 
SXUCS — І 7.75* 3.27 1 10:61% 313 10.25" 
Sx Ç X UCS 1 1.90 <1 1 1241* — 1.31 (0110) 
X SWG 36 (0228) (0087) 36 (0411) (0122 © - 
Nole. Etror mean squares appear in parentheses; df = degrees of freedom; FAR = aes 


Spal anticipatory response, and TOR = third-in 


terval omission response, 
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Ficure 6. Mean range-corrected se-ond-interval anticipatory responses (SARs) to reinforced 
(CS+) and unreinforced (CS—) stimuli in the phobic-shock, neutral-shock, phobic-reaction 
time (RT), and neutral-RT groups of Experiment 3 as a function of trials during acquisition 
and extinction. (SCR = skin-conductance response.) 


324) = 5.37. This overall decrease is most 
likely due to dissipation of the sensitization 
effects produced by the UCS during acquisi- 
tion, since the trends for CS+ and (SS 
did not converge. To further elucidate this 


Extinction. FAR magnitude during ex- 
tinction is shown in Figure 5 and the F 
ratios are given in Table 3.° The outstanding 
feature of this set of data was the marked 
elevation in response magnitude to CS+ in 


the phobic-shock group. In fact, this effect 
was so strong that it resulted in statistically 
significant effects in all comparisons it еп- 
tered. Thus, the phobic-group means ex- 
ceeded the neutral-group means, and the 
shock-group means exceeded the RT-group 
means. The responses were larger to CS+ 
than to CS—, and all interactions except 
those involving the trial factor were reliable; 
t tests revealed lasting effects of stimulus 
pairing only in the phobic-shock group, #(36) 
= 7.5. There was an overall decrease in 
magnitude during the extinction trials, F(9, 


aspect of the data, a separate ANOVA on 
the phobic-shock group was carried out, 
where the two first trial blocks were com- 
pared to the two last trial blocks for CS+ 
and CS—. The interaction between condi- 
tioning and trial blocks, however, failed to 
reach significance, F(1, 9) = .52, which in- 


8 The FAR means to CS+ and CS— in дтһо 
during extinction were .923 and .314 for the 
phobic-shock group, .165 and .145 for the neutral- 
shock group, .136 and .095 for the phobic-RT 
group, and .108 and .070 for the neutral-RT group. 
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time (RT), and neutral-R Experi 


dicates that no measurable extinction effect 
was observed during 20 unreinforced CS 
presentations. 

The SAR (see Figure 6 and Table 3) 
was larger to the phobic than to the neutral 
stimuli, and overall effects of stimulus pair- 
ing were observed. However, t tests оп the 
individual groups failed to reveal differentia- 
tion in any of the four groups. 

Figure 7 shows the data for the TOR 
during extinction, and the F ratios are given 
in Table 3. The results for this measure 
Were very similar to those of the FAR, 
Thus, there was a highly reliable differentia- 


al omission responses (TORs) to reinforced 
e phobic-shock, neutral-shock, phobic-reaction 
ent 3 as a function of trials during extinction. 


tion between CS-- and CS— in the y 
shock group, #(36)=7.03, but not in lp 
other groups (these statistics are CENE 
consistent with those from the АҢОУ 
However, the trends for CS+ and p 
converged as a function of trials, F (9, ан, 
= 3.70, thus providing evidence for Fia 
extinction effects. An ANOVA ape ail 
that performed on the КАК in the qe a 
shock group, however, failed to c in 
tendency toward extinction of the 7 inter- 
the phobic-shock groups, since E did 
action between conditioning and E A 

not approach significance, F(1, 9) = 1.62. 
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Skin-conductance level (SCL). Tt could 
be suspected that the shock condition pro- 
duced more unspecific activation than the 
RT conditions, which in turn might affect 
the differences found in phasic responses. 
To check this possibility, SCL was scored 
immediately before every fourth trial, and 
then Measurement Points x Phobic/Neutral 
X Shock/RT ANOVAs were carried out 
for each phase of the experiment. However, 
no significant effects were found, although 
the means tended to be somewhat higher 
for the shock than for the RT groups, for 
example, 17.42 and 14.73 micromhos for 
the shock and RT groups, respectively, dur- 
ing extinction. 


Discussion 


The results from Experiment 3 again 
demonstrate quite convincingly that ро- 
tentially phobic stimuli are more effective 
CSs than fear-irrelevant neutral stimuli and, 
furthermore, that this effect is obtained only 
with the aversive UCS. Thus, CS-UCS 
belongingness was demonstrated. Similar to 
the previous studies, the results were most 
clear-cut for resistance to extinction and for 
the FAR and the TOR components. 

A potential difficulty in interpreting these 
findings arises because of the weak differ- 
entiation found between the CS+ and the 
CS— in the RT groups. Thus, it could be 
argued that a RT task is ineffective as a 
UCS regardless of which CSs are used. 
There are two factors that militate against 
an observation of stimulus-pairing effects in 
the RT groups of our study. First, differ- 
entiation was counteracted by the significant 
reverse differentiation during habituation. 
Inspection of Figure 5 reveals that in both 
RT groups the FAR to CS+ increased. 
whereas the FAR to CS— decreased as a 
function of training. This effect contributed 
to the significant Trials X Conditioning in- 
teraction, but because of the different start- 
ing point for the two curves, these diverging 
trends did not result in significant overall 
differentiation. However, when examined 
during the first extinction trial, significant 
differentiation occurred in the neutral group. 

The second factor counteracting differ- 


entiation in the RT group involves the 
relatively few training trials used. Baer and 
Fuhrer (1969; Fuhrer & Baer, 1970) have 
clearly demonstrated that differentiation is 
obtained with RT as the UCS, given that 
a sufficient number of acquisition trials are 
presented. Thus, it can be asserted that 
there was evidence of acquisition in our 
data, but that these effects were masked by 
the reversed initial differentiation between 
CS+ and CS—, and by the relatively few 
training trials used. The important point, fur- 
thermore, is that acquisition can be obtained 
with an RT task as the UCS, and for this 
proposition we have good empirical evidence 
(Baer & Fuhrer, 1969; Fuhrer & Baer, 
1970). Thus, a number of acquisition trials 
with a nonaversive UCS that ultimately will 
produce conditioning (the RT task) gave 
tendencies toward better conditioning to the 
fear-irrelevant than to the phobic stimuli, 
whereas the same number of acquisition 
trials gave very clear evidence of superior 
resistance to extinction to phobic stimuli 
when the UCS was an aversive electric 
shock. In this sense, then, belongingness was 
demonstrated. 


CoxcLupixG DISCUSSION 


The results from Experiments 1 and 3 
clearly substantiate previous findings 
(Ohman, Eriksson, & Olofsson, 1975; 
Ohman, Erixon, & Léfberg, 1975) that po- 
tentially phobic stimuli, which have been 
paired with an aversive electric shock, give 
superior resistance to extinction of con- 
ditioned electrodermal responses. The re- 
sults from the circle-triangle group in Ex- 
periment 1 seem to indicate that there is 
no dichotomy between phobic and fear- 
irrelevant pictorial stimuli, but that we may 
be dealing with a continuous dimension of 
CS effectiveness in relation to a certain 


UCS (cf. Seligman, 1970). 
In Experiment 2 we demonstrated that 


salience of the CS is an unlikely basis for 
the difference between phobic and fear- 
irrelevant stimuli, since other stimuli differ- 
ing in salience did not produce similar ef- 
fects. The results of Experiment 3, finally, 
demonstrated that a principle of CS-UCS 
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belongingness seems to be operating because 
the superior resistance to extinction of 
phobic stimuli was observed only when the 
UCS was an aversive electric shock. The 
data from the present series of experiments, 
therefore, provide strong doubts regarding 
the validity of the premise of equipotentiality 
for human conditioning. 

The present results confirm that the ef- 
fect of the phobic stimuli pertains par- 
ticularly to a failure to extinguish. Indeed, 
in Experiment 3 we failed to observe even 
a tendency toward a decrease in FAR dif- 
ferentiation, even when extinction Trials 1-4 
were compared with Trials 16-20, 

Similar to previous findings, the effect of 
the phobic stimuli was most clearly discern- 
ible in the FAR, less so in the TOR, and 
not at all in the SAR. There are quite strong 
reasons to regard the FAR as involving 
orienting activity indicating processing of 
the CS (eg., Öhman, 1971а; Ohman, 1972) 
and the SAR as involving expectancy-type 
cognitive activity (eg. Fuhrer & Baer, 
1969; Lockhart, 1973; Ghman, 1971b). It 
would appear, therefore, that the effect of 
phobic stimuli has to do with changes in the 
meaning of the CS rather than being re- 
lated to expectancy of the UCS. 

While the results seem reasonably clear 
and consistent, and while their inconsistency 
with the premise of equipotentiality ap- 
pears quite compelling, the theoretical inter- 
pretation of the findings is less clear. The 
most basic question, of course, is whether 
some biological factor is needed in the ex- 
planation or whether the results may be ac- 
counted for solely in terms of learning. The 
primary advantage with a learning inter- 
pretation is that it involves less strong 
assumptions than a biological-genetic inter- 
pretation. An adequate account of either 
kind, however, must be sufficiently Specific 
to reasonably account for the detailed empir- 
ical data we have obtained. In the following 
analysis we first examine some relevant 
learning theories, and then we turn to a 
consideration of the various biologically ori- 
ented alternatives, 

The first theory to be considered is the 
Rescorla and Wagner ( 1972) theory of 
classical conditioning. This theory can 


ÖHMAN, FREDRIKSON, HUGDAHL, AND RIMMÖ 


handle variations in CS effectiveness due to 
salience, since it assumes that this factor is 
one of the parameters that determines rate 
of learning. As shown by the results of 
Experiment 2, however, salience is an in- 
sufficient explanation for the phobic-condi- 
tioning effect. Furthermore, since the CS 
salience and the UCS effectiveness are 
regarded as independent parameters, this 
theory cannot account for the belongingness 
demonstrated in Experiment 3. 

Recently, Mackintosh (1975) has ad- 
vanced an attention theory of conditioning. 
which formally is very similar to the 
Rescorla and Wagner (1972) theory. The 
major difference is that the salience param- 
eter is assumed to reflect attention and 
that it changes with training. Thus, if а 
stimulus predicts reinforcement better than 
all other stimuli together, its salience will 
increase. If the reverse is true, it will de- 
crease. These assumptions, then, may pro- 
vide a mechanism for producing differences 
in salience between phobic and fear-irrele- 
vant stimuli. So far, however, this theory 
suffers the same shortcomings as me 
Rescorla and Wagner theory in accounting 
for our data. An interesting feature of ex 
theory is that Mackintosh (1975) conside c. 
the possibility that the salience factor migh 
be specific for a certain reinforcement. This 
conjecture is based on previous findings 
(Mackintosh, 1973) that random presenta- 
tion of the CS and the UCS prior to con- 
ditioning interferes with subsequent con- 
ditioning to these stimuli. This interfering 
effect, furthermore, is specific for the ; 
used. 

Starting from these suggestions, 
could be argued that our subjects t 
carlier experience have been tuned tO 2 
tend to potentially phobic stimuli in gone 
tion with aversive but not with nonaversi¥ 
events, whereas for fear-irrelevant m 
there is по previous experience promo 
attention either with aversive or xpi ns 
stimuli. In general, therefore, this pu 
could handle the data from all three SP 
ments in the present series. However. it 5 e- 
has difficulties with some aspects of the d 
sults. Thus, the theory deals obviously M 
Tate of learning, whereas the data to 


then, it 
hrough 
at- 
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explained here involve failure to extinguish. 
Similarly, whereas the term attention would 
seem to indicate cognitive control, the elec- 
trodermal responses to potentially phobic 
stimuli seem to be resistant to cognitive 
manipulations (Öhman, Erixon, & Löfberg, 
1975; Hugdahl & Öhman, Note 1). 

Another learning-theory account of the 
results could be couched in somewhat looser 
cognitive terms, mainly inspired by Grant 
(1972). Thus, it could be argued that snakes 
and spiders are easy to associate with the 
shock UCS, since they are easily integrated 
into a cognitive scheme or image where, for 
instance, the animals bite the subject in the 
hand. For a tone UCS such as the one used 
in the RT group in Experiment 3, such 
schemes or images are less readily formed, 
and similarly, for the fear-irrelevant stimuli 
such images are more farfetched. This ac- 
count, then, presumes that cognition and 
imagery are important for conditioning, and 
while direct data here are lacking, it is clear 
that imagery is a potent factor in other 
types of learning (e.g., Paivio, 1969) and in 
emotional arousal (e.g., Lang, Melamed, & 
Hart, 1970). This theory, similar to the one 
of Mackintosh (1975), however, does not 
explain why the effect is evident only during 
extinction, and why cognitive manipulations 
have such limited effects. 

Turning to the theories specifically de- 
veloped to handle taste-aversion learning, it 
seems as if our results are more difficult to 
explain in terms of theories toward the gen- 
eral associative mechanism end than in 
terms of theories toward the more specific 
biological end of the continuum (outlined in 
the introduction). Thus, from the standpoint 
of Revusky (1971), it would be expected 
that stimulus relevance is one factor behind 
the superior conditioning to phobic stimuli. 
This factor would exert its effect by pro- 
tecting the phobic-shock association from 
interfering events, whereas such interference 
would be more likely in the fear-irrelevant— 
shock association. However, unless the in- 
terfering events can be independently speci- 
fied, this explanation remains entirely post 
hoc. The mechanism for protection of taste— 
illness associations from interference is hy- 
pothesized to reside in the different locus 
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of the associative and interfering events. 
Thus, the former are interoceptive and the 
latter most likely exteroceptive. In our case, 
however, all events are exteroceptive, and 
therefore it is difficult to see why interfer- 
ence should affect one association but not 
the other. The only way for Revusky (1971) 
io account for our data would seem to be 
to assume that stimulus relevance per se 
facilitates associations, and then his theory 
clearly approaches the more biologically 
oriented alternatives. Similarly,  Testa's 
(1974, 1975) proposition that general simi- 
larities between the CS and the UCS in 
terms of location and temporal intensity 
patterns would seem unable to explain our 
data, since all our stimuli were located “out 
there," and the temporal intensity patterns 
were identical for the phobic and the fear- 
irrelevant conditions. 

For the more biologically oriented theo- 
retical alternatives, it is clear, first, that 
belongingness is the very stuff that this type 
of theory is made of. Thus, belongingness 
is regarded as the rule rather than the ex- 
ception (see e.g., Rozin & Kalat, 1971; 
Shettleworth, 1972). Similarly, the failure 
of phobic CSs to extinguish despite no dif- 
ference from fear-irrelevant CSs during ac- 
quisition is a minor problem because, as 
argued by Rozin and Kalat (1971), extinc- 
tion may be regarded as an independent 
adaptive feature of learning specifically 
tailored to ecological demands. Thus, where 
potentially fatal consequences are involved, 
as might be the case with at least some 
phobic situations (Marks, 1969; Seligman, 
1971), the cost of omission is very high, and 
therefore, it would seem adaptive for fear to 
fail to extinguish in such situations (see 
Rozin & Kalat, 1971). 

Several aspects of our data show a sur- 
prising similarity to data from taste-aversion 
studies. First, we have demonstrated CS- 
UCS belongingness (cf. Garcia & Koelling. 
1966). Second, we have observed complete 
resistance to extinction after only one rein- 
forcement (Ohman, Eriksson, & Olofsson, 
1975; cf. eg., Revusky & Bedarf, 1967). 
Third, we have repeatedly failed to observe 
extinction (cf. Mineka et al., 1972). Fourth, 
we have demonstrated that the responses 
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conditioned to phobic stimuli are “non- 
cognitive” in the sense that they fail to 
be affected by instructed extinction (Ohman, 
Erixon, & Löfberg, 1975; Hugdahl & 
Ohman, Note 1), which parallels the al- 
leged insensitivity of conditioned taste aver- 
sion to informational characteristics (Kalat 
& Rozin, 1972). Finally, the fact that the 
effect is most obvious for the FAR, which 
as discussed above is related to orienting 
activity, implies that the meaning or the 
perception of the CS somehow is changed. 
Rozin and Kalat (1971) have suggested that 
а similar thing happens in taste-aversion 
learning ; that is, that the taste itself becomes 
aversive rather than merely signaling a state 
of illness, and furthermore, that this might 
be a factor behind the alleged “irrationality” 
of taste aversion (Rozin & Kalat, 1971, р. 
478). 

Thus, in general our results support Selig- 
man’s (1970) Preparedness notion in dem- 
onstrating similarities between two in- 
Stances of alleged prepared learning, al- 
though they seem to imply that different 
preparedness continua are needed for ac- 
quisition and resistance to extinction (cf. 
Seligman & Hager, 1972, p. 5). In support- 
ing the preparedness theory, the results also 
argue against the more extreme view of 
adaptational specialization of learning ex- 
posed by Rozin and Kalat (1971) and 
Shettleworth (1972). 

However, it is important to point out that 
the conclusion that our data support Selig- 
man’s (1970) preparedness theory must be 
taken with considerable caution, since it is 
difficult to decide whether the similarities 
imply a truly homologous relationship, that 
is, similarity in mechanism, or merely an 
analogous one, that is, similarity on a func. 
tional behavioral level. Further caution is 
called for by several recent findings, which 
seem to indicate that in some respects taste- 
as clearly distin- 
guishable from unprepared classical condi- 
thought. First, 
Taukulis and Revusky (1975) have demon. 
and Wagner 
can be used to account for 
conditioning to taste using com- 
pound CSs of taste and odor for illness as 
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the unconditioned response (see also Best, 
1975). Second, allegedly "complex" phe- 
nomena of conditioning such as second-order 
conditioning (Bond & Harland, 1975) have 
been demonstrated in taste-aversion learning 
situations, which militates against the sup- 
posed "primitive" nature of this form of 
learning (e.g., Kalat & Rozin, 1972). Third, 
Krane and Wagner (1975) have reported 
successful conditioning with taste as the 
CS and shock as the UCS, although it 
remains unclear whether they have demon- 
strated true  taste-aversion learning or 
merely that rats can utilize taste stimuli as 
signals for shock. Finally, there are data 
demonstrating long-delay learning (up to 
an hour) in a conventional, supposedly un- 
prepared task such as a T maze provided 
that the association is protected from inter- 
ference during the delay (Lett, 1975). It 
remains debatable, therefore, to what ex- 
tent and in which role biological-genetic 
factors are needed to explain taste-aversion 
learning and, thus by implication, our деу 
sults. At any rate, it seems to us a remote 
possibility that our data should have : 
bearing on, for example, the acquisition 0 
language or imprinting—as is implied in the 
preparedness theory. 

In conclusion, then, it is clear that ous 
data show that the premise of equipotenti- 
ality is untenable in human conditioning: 
that the data are not easily accounted fot 
by existing learning-theory alternatives, but 
that they are in accordance with the expecta- 
tions from the preparedness theory (Selig- 
man, 1970, 1971). It remains to be deter 
mined, however, to what extent biologi? 
factors are needed in the explanation. ЫТ 
whether they show similarities also to ot^ 
instances of alleged prepared learning. T 

As a final point, it is noteworthy that ur 
results from the present series of studies 
provide a basis for a more adequate under- 
standing of the acquisition of phobias. ГЕ 
havior therapists have faced a inane 
dilemma with regard to these disorders. 5 
the one hand, they have had efficient aer 7 
ment methods that have been ostens к 
based on conditioning principles, whet Ө 5 
the other hand, these very same princip ha 
have been insufficient for a convincing ас 
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count of the etiology of the disorder (e.g. 
Costello, 1970; Seligman, 1971). In several 
respects, the electrodermal responses con- 
ditioned to phobic stimuli resemble the char- 
acteristics of phobic fear. For example, 
electrodermal responses are very rapidly 
acquired, they fail to extinguish, and they 
are not easily modified by cognitive argu- 
ments. These results, then, would seem to be 
useful in developing an adequate laboratory 
analogue of phobias where, for instance, 
various determining factors and treatment 
methods could be studied utilizing full ex- 
perimental control of the phenomenon under 


interest. 
REFERENCE NOTE 
1. Hugdahl, K., & Ghman, A. Effects of instruc- 
lion. on acquisition and extinction of electro- 


dermal responses to potentially phobic stimuli. 
Manuscript submitted for publication, 1976. 
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Erratum TO HERSH AND CARAMAZZA 


In the article “A Fuzzy Set Approach to Modifiers and Vague- 
ness in Natural Language" by Harry M. Hersh and Alfonso 
Caramazza (Journal of Experimental Psychology: General, 1976, 
Vol. 105, No. 3, pp. 254-276), Equation 10 on page 261, which 


read 


А +В = / T Сўл (к) ^ fel), 


should read 


A+B - f. Га (к) v fa(x),x]. 


Also, Equation 11 on page 261, which read 


falx) ^ fola) = max [/л(),/в(®) ), 


should read 


falx) v fa(x) = max [fa (x), fn (x) 1. 


Journal of Experimentat Psychology: General 
1976, Vol. 105, No. 4, 338-348 


Visual Processing of Nonlinguistic Strings: Redundancy 
Effects and Reading Ability 


Mildred Mason 
Iowa State University 


Leonard Katz 
University of Connecticut 


SUMMARY 


Visual redundancy effects were investigated in two experiments using non- 
alphabetic material. Experiment 1 had adult subjects search for the presence or 


absence of a predetermined target 


symbol through single six-symbol linear arrays. 


Reaction times were significantly faster in both a distributional redundancy and a 
spatial redundancy condition than in a no-redundancy condition. Experiment 2 had 
good and poor sixth-grade readers serve in the no-redundancy and spatial re- 


dundancy conditions of Experiment 1. 
readers in the no-redundancy condition bu 


redundancy condition. Thus, 


Poor readers were equivalent to good 
t were significantly slower in the spatial 
spatial redundancy was shown to be operative in 


single symbol search time in a paradigm that avoided confounding by higher order 


linguistic variables, 


The present experiments, in conjunction with prior findings 
that good and poor readers differ in letter 


search time by their ability to use 


spatial redundancy, suggest that processes involved in the component skill of letter 
identification cannot be considered trivial to the reading process. 


Mason (1975) provided evidence that 
spatial redundancy facilitates single-letter 
identification. Spatial redundancy was defined 
as a correlation between distinctive features 
of letters and the positions they most fre- 
quently occupy in printed English words. 
Good readers (Mason, 1975, Experiment 4) 
proved to be highly sensitive to the spatial re- 
dundancy of single letters in nonword ana- 
grams, whereas poor readers were not. In 
two additional experiments (Mason, 1975, 
Experiments 2 and 3) good and poor readers 
were also differentiated at the level of single- 
letter identification by their ability to use 
spatial redundancy rather than by their 
ability to utilize distinctive feature informa- 
tion. The task used was a simplified version 
of the visual search task. The subjects were 
shown the letter they were to look for: they 
were then shown a single six-letter string. 
Their task was to look at the string and 
push a yes key if the letter was in the string 
and a no key if it was not present. The de- 


pendent variable was reaction time (RT) 
measured from onset of the display to re- 
sponse, 

The question of whether higher order 
linguistic processes interact with lower order 
processes in single-letter identification has 
been the subject of much controversy (Se& 
for example, Brewer, 1972). Perhaps the 
most unequivocal result Mason (1975, a 
periments 2 and 3) obtained is that the рат s 
ticular higher order variable of dictionary 
inclusion or meaning is neither a med 
nor a sufficient condition for perceptua 
facilitation. Good readers were slightly pm 
searching for target letters through nonwort 
anagrams of words than they were on the 
words themselves, The necessary condition 
was that the nonword anagrams be more 
spatially redundant than were the words. 
However, by manipulating single-letter M. 
tional frequencies as she did, Mason hes 
evitably also varied bigram and A 
clusters of letters, Sequential redundancy 1 
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an ineluctable consequence of spatial redun- 
dancy: If b occurs most frequently in the 
first position of a six-letter string, and a 
occurs most frequently in the second position, 
there is a high probability of the sequence 
ba. The question is whether b and a are 
independently processed more rapidly be- 
cause of their redundant positions in the 
linear array, or whether the sequence ba be- 
comes a single perceptual unit. The notion 
that sequential redundancy facilitates percep- 
tion by creating larger perceptual units than 
the single letter has had a long and a popular 
reign. However, when proper controls for 
decision facilitation are used, there are virtu- 
ally no empirical data to support the notion 
of perceptual facilitation attributable to larger 
perceptual units (see Estes, 1975; Thomp- 
son & Massaro, 1973). 

Given the available evidence, we must 
entertain the possibility that it is spatial 
redundancy that facilitates single-letter pro- 
cessing and that sequential redundancy is 
merely a result of spatial redundancy. Gough 
(1972) estimated a reading speed in excess 
of 300 words a minute based on serial pro- 
cessing of single letters. By altering his 
model to provide for parallel processing of 
single letters, and by having spatial redun- 
dancy influence iconic readout, it is possible 
to arrive at a model of highly proficient read- 
ing based on single-letter processing. 

The goal is to isolate factors affecting 
single-letter identification. However, the 
proper study of letters may not be letters. A 
spatially low redundant arrangement of let- 
ters violates the good reader's knowledge of 
his language. Is the RT obtained for a good 
reader in a low spatial redundancy condition 
a measure of interference, or is it a measure 
of processing time based only on visual fea- 
ture extraction? In addition, it is impossible 
with letters to manipulate spatial redundancy 
without affecting other variables such as 
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Mason, Department of Psychology, Iowa State 
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pronounceability. Certainly the spatially re- 
dundant nonword strings were more pro- 
nounceable than the spatially nonredundant 
nonword strings used by Mason (1975) in 
Experiment 4. And certainly it is at least 
possible (albeit perhaps unreasonable) to 
argue that the spatially redundant nonword 
anagrams used in Experiments 2 and 3 
were more pronounceable than the common 
words used to construct the anagrams. The 
issue of pronounceability is reducible to the 
issue of frequency. Given that the human 
vocal tract is physically capable of making 
certain sounds, a combination of sounds will 
be judged pronounceable or not pronounce- 
able on the basis of frequency of occurrence. 
An unpronounceable phoneme combination 
in English may be highly pronounceable in 
Polish. 

The extent to which visual information 
processing has been studied using only al- 
phanumeric material is indeed surprising. It 
makes a separation of visual and linguistic 
factors exceedingly difficult. An alternative 
approach is to study redundancy factors af- 
fecting single-letter identification by using 
short linear arrays of symbols instead of 
letters, The purpose of the present two ex- 
periments was to extend the study of visual 
redundancy effects by using nonalphabetic 
material Any redundancy effects obtained 
would then clearly be attributable to visual 
factors rather than to higher order linguistic 
variables. When employing a good- and poor- 
reader design, as is done in the second ex- 
periment, there is an additional advantage in 
using unfamiliar symbols instead of letters. 
Differential familiarity even with overlearned 
letters of the alphabet can be eliminated as a 
possible factor affecting the results. 

An independent groups design is used in 
both Experiments 1 and 2. Experiment 1 
uses adult subjects in two redundancy condi- 
tions and a pure no-redundancy control con- 
dition, The primary question of interest is 
simply whether redundancy effects are ob- 
tainable when short linear arrays of symbols 
are used, Experiment 2 investigates differ- 
ences between good and poor readers in their 
sensitivity to spatial redundancy built into 


nonalphabetic stimuli. 
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EXPERIMENT 1 
Method 


Subjects. The subjects were 36 undergraduates 
who participated in partial fulfillment of require- 
ments for an introductory psychology course. 
There were 12 subjects randomly assigned to each 
of the three redundancy conditions: no redundancy, 
distributional (or frequency) redundancy, and 
spatial (or positional) redundancy. No attempt 
was made to control for reading ability, and we 
may assume a fairly broad range of reading ability 
in all three experimental conditions. Each subject 
was run individually, and returned for a second 
session within a time period ranging from 1 to 2 
weeks. Insofar as circumstances permitted, subjects 
returned for their second session in the same se- 
quence in which they had served in their first ses- 
sion. One subject was replaced due to an experi- 
menter error. 

Stimuli, The following 12 symbols were selected 
from the IBM typewriter symbol ball to form the 
basic set of elements used: S0toAC/) T0 f, 

For the no-redundancy condition, 144 different 
six-symbol strings were generated in which each 
of the 12 symbols occurred 12 times in each oí the 
six serial positions, and in which a particular 
symbol was preceded as many times as it was fol- 
lowed by any other one symbol. Thus, in the no- 
redundancy set of stimuli, it was impossible to 
differentiate the occurrence of one symbol from 
another symbol either on the basis of distributional 
redundancy, spatial redundancy, or sequential re- 
dundancy. Differentiation was possible only on the 
basis of visual features. In effect, the no-redun- 
dancy condition represents a maximum information 
condition and should not be confused with a ran- 
dom condition. 

In the distributional redundancy condition, four 
of the symbols occurred 6 times in each of the six 
serial positions, four other symbols occurred 12 
times in each of the six serial positions, and the 
remaining four symbols occurred 18 times in each 
of the six serial positions. Thus, the 12 symbols 
making up the 144 different six-symbol strings in 
the distributional redundancy set of stimuli could 
be differentiated on the basis of frequency, with 
one third of the symbols occurring three times as 
frequently in the displays as did another third of 
the symbols. Differentiation on the basis of spatial 
redundancy was not possible, however, since any 
one symbol occurred equally often in all six serial 
positions, 

In the spatial redundancy condition, the 144 dif- 
ferent six-symbol strings had each symbol occur- 
ring equally often (72 times each, as in the no-re- 
dundancy set of stimuli) but constraints were 
placed as to where the symbols could occur within 
the string. Two of the 12 symbols occurred only in 
the first serial position; another 2 symbols oc- 
curred only in the second serial position; 4 differ- 
ent symbols all occurred equally often in both the 
third and fourth position; 2 other symbols occurred 
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only in the fifth position; and the remaining 2 
symbols occurred only in the sixth position. Thus, 
in the spatial redundancy set of stimuli, symbols 
could be differentiated by positional constraints, 
but not on the basis of frequency, since all symbols 
occurred equally often in the displays. The pattern 
of positional constraints used roughly corresponds 
to the pattern of single-letter spatial redundancy 
found in printed English six-letter words (Mayzner 
& Tresselt, 1965), with maximum spatia] redun- 
dancy present at both ends of the strings. 

Each six-symbol string was typed on U film 
filmstrips and inserted into a slide mount. Indi- 
vidual target symbols appeared on a separate slide, 
each symbol centered on the slide. Three йкы 
random blocks of target symbols and six-symbo 
display strings were arranged in slide trays rop 
each condition. Each block of trials was equated 
for yes and no responses, serial positions, and E 
bols. In all three experimental conditions, each x 
the 12 symbols was tested 12 times: six times it 
a target present trial (yes response) and six n 
as a catch trial (so response) ; each serial Pol 
was tested 12 times, and the same sequence of Catch 
positions tested and catch trials was used. any 
trials were identical for the three гейип MAT 
conditions both in sequence and in the АР 
symbol being tested. The sequence of tupi ante 
was identical for the no-redundancy s RUE 
tributional redundancy conditions, wia 0 
conditions differing only in respect to Es The se- 
of the symbols appearing in the disp a indancy 
quence of target trials for the spatial re Se pec 
condition differed from the one used for the ndis 
redundancy and distributional redundancy СО xt 
tions only in respect to the symbols tested in 
different serial positions. T 

Procedure. A Kodak Carousel slide ко 
was used in conjunction with a Gerbrands tachis t 
scopic shutter (Model G1166), a Lafayette or 
bank program timer (Model 52020), a Pm 
digital clock (Model 1520), and two telegra 
keys. One telegraph key was marked yes and "e 
other so. Subjects used their dominant han ses 
yes responses and the other hand for no Yespons : 
The clock recorded elapsed time in milliseco™” 
from onset of the stimulus display until the qu 
ject pressed one of the two keys. Target sym dés 
and the six-symbol linear displays were Ба А 
projected with а Hudson Photographic Gers E 
Polaroid filter was attached to the projector е 
to eliminate glare from the back-projection. à 

When the experimenter initiated a trial He 
get symbol slide appeared and remained on S да 
sec. Following a slide-change interval of аар 
mately 1 sec, the six-symbol display slide appear Is 
and remained on for 4 sec. After six practice a 
with digits, the subjects were instructed that Mi 
would be asked to perform the same task, M an 
unfamiliar symbols. Each symbol was then с Fi 
individually on the screen for 5 sec for purpose 


1! 
familiarization. The subject then went Me 
three sets (blocks) of 48 trials each, with a pa 


are 
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of about a minute between sets while the experi- 
menter changed the slide tray. The order of pre- 
sentation of sets was counterbalanced in a Latin 
square, Within each redundancy condition, four 
subjects had each of the three set orders. 

The subjects were simply instructed to look for 
the target symbol when the six-symbol string ap- 
peared; speed was emphasized, but not at the ex- 
pense of accuracy. An error was recorded when 
the wrong key was hit, and search time for that 
trial was eliminated. Subjects were informed when 
they made an error. 


Results 


Target trials. Six mean RTs (one for each 
serial position) were computed for each sub- 
ject in each redundancy condition in each of 
the two sessions. Each mean was based on 
12 RTs minus any error RTs for any one 
serial position. Serial position effects for the 
three redundancy conditions are shown in 
Figure 1. The similarity of the curves shown 
in Figure 1 is all the more remarkable since 
they represent independent groups of sub- 
jects. The analysis of variance showed a 
significant effect of conditions, F(2, 33)= 


4.436, р < .025, that the no-redundancy 
group was slower than the two redundancy 
groups. Reaction times for all three groups 
were significantly faster in Session 2 than 
they were in Session 1, F(1,33) = 139, р < 
1001. As to be expected from Figure 1, RTs 
varied significantly as a function of the serial 
position of the target symbols, F(5, 165) = 
39, p < .001. The F ratios for all interactions 
were small (none greater than 1.5) and did 
not approach significance. 

A trend analysis was performed on the 
combined data shown in Figure 1. The 
linear trend was significant, F(1, 165)= 
28.654, р < .001, that RT was longest for 
the first serial position. The significant quad- 
ratic trend, F(1, 165) = 155.287, р < .001, 
confirms the impression from Figure 1 that 
RT was fastest for the middle positions of 
the strings. The cubic component was also 
significant, F(1, 165) = 9.353, p < .001. 

Catch trials. A mean RT for catch trials 
was computed for each subject in each re- 
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Ficure 1, Mean reaction time on Experiment 1 target trials as a function of redundancy 


condition, serial position, and session. (N 
spatial redundancy.) 


— no redundancy ; D — distributional redundancy, S — 
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TABLE 1 


d Y F 'RIALS IN EXPERIMENT 1 (ADULTS) 
v SEARCH TIME (IN MILLISECONDS) FOR CATCH TRIA ERIM 
aan EAS ае 2 (Соор AND Poor SIXTH-GRADE READERS) 


Session 1 


Session 2 


Redundancy 


condition Adults Good readers Poor readers Adults Good readers Poor readers 
e E E poss х ats 
w 885 1,020 1,081 740 836 829 
D 877 — — 143 - a 
S 822 881 1,172 088 699 
Note. № = no redundancy, D = distributional redundancy, S = spatial redundancy. There was no distributional redundancy 


condition for good and poor readers (Experiment 2). 


dundancy condition for each session. Each 
mean was based on 72 catch trials, minus any 
error RTs. Mean group catch trial RTs are 
shown in the appropriate column in Table 1. 
The analysis of variance produced a signif- 
icant effect only for sessions, F Cl, 39) 23 
131.87, р < .001. The lack of a significant 
redundancy effect on catch trials supports the 
hypothesis (Mason, 1975) that redundancy 
plays its most important role in synthesis of 
graphic symbols. Synthesis is required only 
on target trials. Spatial redundancy was use- 
ful on catch trials for good readers at a low 
level of practice (Mason, 1975, Experiment 
2). Given intensive practice (Experiment 3), 
good readers were able to process all three 
types of redundancy displays used equally 
rapidly. 

Errors. The overall error rates were 
8.5% for the no-redundancy group (12.5% 
misses, 4.5% false alarms) ; 7.3% for the 
distributional redundancy group (10.596 
misses, 4.076 false alarms), and 7.8% for 
the spatial redundancy group (11.5% misses, 
4.0% false alarms). Errors on target trials 
(misses) paralleled target trial RTs, with 
more errors occurring in the first position 
than in the middle positions of the strings. 


Discussion 


The main purpose of Experiment 1 was to 
determine if perceptual facilitation would be 
obtained by redundancy built into short 
linear arrays of nonalphabetic material. The 
answer was clearly yes; redundancy effects 
show up quite rapidly. The results are all 
the more impressive because they were ob- 
tained with an independent groups design; 
RTs are notoriously subject to much varia- 
tion due to individual differences. 


The serial position functions shown in 
Figure 1 are of particular interest. The sub- 
jects were seated directly in front. of the 
Screen and were given no processing instruc- 
tions other than to "look." If they fo 
directly in front of them (the easiest vk. 
most natural thing for them to goa AE 
middle portions of the strings would e 
received the benefit of central foveal ‘pation 
Wolford (1975) presents a perturba oe 
model for letter identification based on e 
istoscopic report experiments 1n P 
retinal locus and array position were Sys е : 
atically varied, The main assumptions O 
the model are that features are extracted Y 
parallel as a function of retinal location ай 
that interference among confusable items i 
creases as the items move into the periphery. 
The serial position functions shown in Fig- 
ure 1, and derived from a very different 
paradigm, bear a remarkable resemblance 
to what the model would predict. 


ExrERIMENT 2 


Having determined that redundancy effects 
are rapidly obtained using nonlinguistic me 
terial, Experiment 2 investigates visual T€ 
dundancy effects as a function of reade! 
ability. The distributional redundancy cops 
dition was not considered to be sufficiently 
interesting or important to warrant incl 
sion in Experiment 2. There is evidenci 
(Garner, 1962, chap. 8) that distribution? 
redundancy is a minor effect, and there э 
also evidence (Katz, Mason, Woodward, 2 
Wicklund, Note 1) that good and wee? 
readers do not differ in their ability to из 
distributional redundancy. The critical т 
dundancy conditions аге the peret e 
and the spatial redundancy conditions. 
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no-redundancy condition represents a con- 
dition in which symbol identification is pos- 
sible only on the basis of visual feature ex- 
traction. If good and poor readers do not 
differ in their ability to learn and to use 
distinctive features of novel symbols, they 
should not differ in the no-redundancy con- 
dition, The spatial redundancy condition is 
critical because of the evidence (Mason, 
1975) that good and poor readers can be 
differentiated at the level of the individual 
letter by their ability to use spatial redun- 
dancy. If good and poor readers differ in 
the spatial redundancy condition using non- 
linguistic stimuli, then clearly the Mason 
(1975) results cannot be attributed to pro- 
nounceability, bigram and trigram clusters, 
or other higher order linguistic variables 
rather than to spatial redundancy of indi- 
vidual letters. 


Method 


Subjects. The subjects were 36 students drawn 
from a population of 238 sixth-grade students. 
Eighteen pupils were selected as good readers 
and 18 pupils as poor readers. The selection pro- 
cedure was based on Science Research Associates 
Achievement Series (SRA) scores taken at the 
end of the preceding school year. Each pupil’s SRA 
reading comprehension score was used in conjunc- 
tion with his SRA composite score. Good readers 
were pupils who scored 3 or more years above 
grade level on reading comprehension and whose 
reading comprehension scores were higher than 
their composite scores. Pupils with diagnosed learn- 
ing disabilities were eliminated from the potential 
pool of poor readers. In addition, poor readers 
were pupils whose SRA reading comprehension 
scores were both below grade level and also lower 
than their composite scores. All the poor readers 
were either at or above grade level in at least 
one school subject on the SRA series other than 
reading comprehension. The rationale behind the 
selection procedure was to produce one group © 
pupils clearly talented in reading and another 
group of pupils whose reading comprehension was 
both below grade level and below their overall 
scholastic achievement. 

Within each level of reading ability, two groups 
of nine pupils each were equated on reading com- 
prehension scores and were randomly assigned to 
the no-redundancy and the spatial redundancy 
conditions, The mean reading comprehension score 
for the good readers was 9.7 with a standard 
deviation of 1.02 for those in the no-redundancy 
group and 9.7 with a standard deviation of 1.06 
for those in the spatial redundancy group. The 
mean reading comprehension score for the poor 
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readers was 3.7 with a standard deviation of .52 
for those in the no-redundancy group and 3.8 
with a standard deviation of .72 for those in the 
spatial redundancy group. 

Five subjects were replaced: one good reader 
in the no-redundancy condition for failure to fol- 
low instructions, one poor reader in the по-ге- 
dundancy condition due to equipment failure, two 
poor readers (one in each condition) who were 
unable to perform the task due to an jnordinate 
difficulty in making the motor response with the 
correct hand, and one poor reader in the spatial 
redundancy condition whose absence from school 
for the second session coincided with the last school 
day before a week's vacation. The reading com- 
prehension score data given above are based on the 
final 36 students who participated in the experi- 
ment. 

Thirty-four of the subjects returned for their 
second session 1 week after their first session; two 
subjects (one in each reading group) had their 
second session 8 days after their first session. 

Stimuli and procedure. The no-redundancy and 
the spatial redundancy sets of stimuli used for the 
adults in Experiment 1 were used for the sixth- 
graders. The procedure for Experiment 2 was 
identical to that used in Experiment 1. 


Results 


Target trials. Mean RTs for target trials 
at each serial position for each subject in 
each session were computed as in Experi- 
ment 1. Results are shown in Figure 2. The 
analysis of variance showed the differences 
between the four groups to be significant, 
F(3, 32) = 4.742, p < .01. Orthogonal com- 
parisons showed the good readers in the 
spatial redundancy group to be significantly 
faster than the three other groups, F(1, 32) 
= 13.953, p < .001. Poor readers did not 
differ from good readers in the no-redun- 
dancy condition, F « 1. Poor readers in the 
spatial redundancy condition did not differ 
from good and poor readers in the no-re- 
dundancy condition, F « 1. All four groups 
were significantly faster on Session 2 than 
they were on Session 1, F(A, 32) = 14488, 
p < .001. Reaction time varied as a function 
of serial position, F(5, 160) 2:23:03, 3 =< 


1 The subjects were pupils at the Tolland Mid- 
dle School, Tolland, Connecticut. The authors wish 
to thank Elaine Yatroussis, reading consultant, 
and Vene Harding, principal, for their active 
assistance and cooperation. A note of thanks is 
also due the nine sixth-grade teachers for their 


patience and forebearance. 
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Ficure 2. Mean reaction time on Experiment 2 target trials as a function of reader ability, 
redundancy condition, serial position, and session, (PN = poor readers, no redundancy; PS = 


poor readers, spatial redundancy; GN — good readers, no redundancy ; 


spatial redundancy.) 


001. The only significant interaction was 
that of Session X Serial Position, F(5, 160) 
= 6.26, р < .001. As can be seen from Fig- 
ure 2, in contrast to the adult data, the chil- 
dren's serial position curves were generally 
flatter in Session 2 than in Session 1. 
Because of the significant Session х Serial 
Position interaction, a separate analysis of 
variance and trend analysis was conducted 
within each level of reading ability for each 
session. For the two good-reader groups in 
Session 1, the main effect of redundancy 
was significant, F(1, 16)= 5.317, p « .05; 
spatial redundancy improved performance 
for good readers. The main effect of serial 
position was also significant, F(5, 80) — 


GS = good readers, 


16.667, p < .001. The trend analysis showed 
a significant linear component of serial aer 
tion, F(1, 80) = 5755, р < .025—RT € 
slowest on the first serial position. The оп A 
other significant trend was the шайы 
component, F(1, 80) = 73.157, р < 0 
that RTs were fastest when the target 57а 
bols occurred in the middle portions of bs. 
strings. The analysis of variance for the M 
poor-reader groups in Session 1 showed I3 
effect of redundancy (F <1) and only f 
significant main effect of serial position, d 
80) = 13.154, р < .001. The trend analys 

showed a significant linear component, Р st 
80) = 18.833, р < .001, that RT was slowes 
for first serial position, and a significa 
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quadratic component, F(1, 80) = 50.917, 
р < .001, that RTs were fastest when the 
target symbols occurred in the middle por- 
tions of the strings. 

On Session 2, the analysis of variance for 
the two good-reader groups showed a more 
marked effect of redundancy, /(1, 16) — 
13.882, р < .005; spatial redundancy Бепе- 
fited the good readers. The main effect of 
serial position was also significant, F(5. 
80) = 6.200, р < .001. The trend analysis 
revealed that, in contrast to Session 1, only 
the quadratic component was significant, 
F(1, 80) = 28.513, p < .001. All other com- 
ponents were negligible with Fs <1. The 
analysis of variance for the two poor-reader 
groups in Session 2 again showed no effect 
of redundancy, F < 1, and only a main effect 
of serial position, F(5, 80) = 4.857, p< 
001. The trend analysis for the poor readers 
again showed a significant linear component, 
F(A, 80) = 12780, p < .001, and a signif- 
icant quadratic component, F(1, 80) = 
10.109, р < .005. All other components were 
negligible, with Fs < 1. 

Catch trials. Mean RTs for the 72 catch 
trials for each subject in each session were 
computed as in Experiment 1. Mean group 
catch trial RTs for the four groups are 
shown in the appropriate columns of Table 1. 
The analysis of variance showed significant 
differences between the four groups, F(3, 
32) = 5.206, р < .005. Orthogonal сотрагі- 
sons showed that the good readers in the 
spatial redundancy group were significantly 
faster on catch trials than were the other 
three groups, F(1, 32) = 12.822, p< 01. 
Good and poor readers did not differ signif- 
icantly in the no-redundancy groups. Е «1. 
Poor readers in the spatial redundancy 
group did not differ from the readers in the 
two no-redundancy groups, F(1, 32)= 
2.559, ns. Thus, it would appear that spatial 
redundancy benefited the good readers on 
catch trials as well as on target trials. This 
is in contrast to the finding (Mason, 1975, 
Experiments 2 and 3) that spatial redun- 
dancy was effective on catch trials for good 
readers only at a low level of practice. The 
explanation probably lies in differential 
effects of practice with overlearned stimuli 
such as letters and with the novel stimuli 
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used in the present experiment. The dif- 
ference between the adults and the good 
readers in the use of spatial redundancy on 
catch trials may be due to developmental 
differences in the ability to make the most 
effective use of the distinctive features of the 
symbols in a given number of trials. 

The main effect of sessions was significant, 
F(1, 32) = 132.571, p< .001. The Session 
x Reader Ability interaction was also sig- 
nificant, F(1, 32) = 4.857, р < .05. As can 
be seen from Table 1, overall differences due 
to reader ability were greater in Session 1 
than they were in Session 2. 

Errors. The overall error rates were 
14.0% for the good readers in the no-re- 
dundancy group (17.0%, misses, 11.0% 
false alarms) ; 16.2% for the poor readers 
in the no-redundancy group (20.4% misses. 
12.0% false alarms); 15.2% for the good 
readers in the spatial redundancy group 
(20.0% misses, 10.4% false alarms) ; and 
16.8% for the poor readers in the spatial 
redundancy group (18.1% misses, 15.490 
false alarms). In contrast to the adults, the 
sixth graders made enough miss errors to 
permit an analysis of variance. The only 
significant effect to emerge from the analysis 
was that of serial position, F(5, 160) = 
33.375, p < .001. The pattern of errors by 
serial position closely paralleled the analysis 
of RTs by serial position: Most errors 
occurred in the first position; fewest errors 
occurred in the third and fourth serial posi- 
tions. 


Discussion 


The results of Experiment 2 are straight- 
forward: Spatial redundancy (a correlation 
between distinctive features and their spatial 
location within a string) facilitates single- 
symbol processing for good readers both on 
target trials and on catch trials. The efficacy 
of spatial redundancy on catch trials would 
seem to depend on how much processing is 
done of the symbols making up the display. 
This, in turn, would seem to depend on the 
ability to extract the most salient distinctive 
feature(s) of the target symbol. In Experi- 
ment 1 redundancy did not help the adults 
on catch trials. Spatial redundancy also did 
not help highly practiced good sixth-grade 
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readers on catch trials when letters were 
used (Mason, 1975, Experiment 3). Good 
readers at a low level of practice, however, 
were significantly helped by spatial redun- 
dancy on catch trials when letters were used 
(Mason, 1975, Experiment 2). 

Tn contrast to the good readers, poor read- 
ers showed no facilitation in single-symbol 
processing attributable to spatial redundancy. 
Yet poor readers were equivalent to good 
readers in the no-redundancy condition, 
when symbol identification was possible only 
on the basis of visual feature information. 

The obtained results for the good readers 
obviously cannot be attributed to higher 
order linguistic variables. Thus, they pro- 
vide strong evidence that similar results 
obtained with letters (Mason, 1975) were 
indeed due to spatial redundancy, the vari- 
able manipulated, rather than to higher order 
linguistic variables that change with spatial 
redundancy. 

In a previous experiment (Mason, 1975, 
Experiment 3) highly practiced good readers 
showed only a significant quadratic effect of 
serial position, with RTs being greatest at 
the middle portions of the string. The longer 
RTs were attributed to lateral masking by 
adjacent letters (Townsend, Taylor, & 
Brown, 1971). On Session 2 in the present 
experiment, the good readers again show 
only a significant quadratic effect of serial 
position. However, RTs are now shortest 
in the middle portions of the strings. It is 
difficult to account for this discrepancy. The 
only procedural change in the two experi- 
ments was the addition of a Polaroid filter 
on the projection lens for the present experi- 
ments. Conceivably the results from the 
earlier experiment were due to illumination 
differences rather than to lateral masking. 
On the other hand, the earlier experiment 
employed the full set of 26 alphabet letters, 
whereas the present experiment used only 12 
symbols. Data from detection experiments 
(Estes, 1972b) indicate that only confusable 
items interfere with one another because of 
competition for the same set of feature de- 
tectors. Thus, the opportunities for inter- 
ference in the earlier experiments were 
greater than in the present experiments, 

The obvious way to determine if illumina- 
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tion differences rather than lateral masking 
were responsible for RTs being elevated in 
the middle positions would be to replicate 
Experiment 3 of the earlier study using a 
Polaroid filter. The research effort, however, 
would not seem well spent. If the differences 
were due to illumination factors, then the 
obtained good- and poor-reader differences 
in both the earlier study and the present 
study could be generalized over different 
illumination conditions. There is as yet no 
satisfactory model of letter identification 
that can incorporate existing data on effects 
and interactions of retinal location, serial 
position, number of items, interference be- 
tween similar items increasing as they move 
into the periphery, and lateral masking. In 
the absence of such a model, the finding that 
even with a filter RTs were still elevated 
in the middle positions would not be par- 
ticularly meaningful. 

A point that would seem more 
further research effort is the fact that ! 
practiced good sixth-grade readers in both 
the earlier study and in the present study 
differ from both adults and poor readers in 
the absence of a linear trend in their serial 
position functions. The serial position curve 
for the good readers in the spatial redun- 
dancy group shown in Session 2 of Figure 2 
raises the interesting speculation that опе 
role spatial redundancy may play in highly 
proficient reading is to minimize the effects 
of serial position and hence of retinal loca- 
tion in either single-letter or single-symbol 
identification. It should be remembered that 
the adults in Experiment 1 were not ѕсгеепес 
for reading ability. I would hazard the 
opinion that as a group the adults were not 
as outstandingly talented in reading as were 
the good sixth-grade readers in Experiment 
2. Reading is a complex skill, and the di а 
ferences between an average group of adults 
at a state university and a group of care 
fully selected good sixth-grade readers тау 
be analogous to the differences between сот” 
petency and virtuosity. 


worthy of 
highly 


CONCLUSION 


FS ч " T T 
The reading of an alphabetic writing S7 

: Е р : гез 

tem is а highly complex skill that involve 
the integration and automatization of diver? 
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component skills. One such component skill 
is the ability to rapidly identify individual 
letters in a multiletter string. Is it an im- 
portant skill as far as reading is concerned ? 
How much reading research effort does it 
warrant? In the absence of hard data, the 
answers have largely depended upon theo- 
retical formulations of the reading process 
and assumptions (more frequently implicit 
rather than explicit) about the basic per- 
ceptual unit involved in reading (ie. the 
unit of text that is defined by a feature list 
and is stored in long-term memory). If read- 
ing is conceived of as a psycholinguistic 
guessing game (Goodman, 1970), then 
clearly the component skill of single-letter 
identification is relatively trivial. If. higher 
order linguistic variables serve to create 
perceptual units larger than the individual 
letter, again the component skill of single- 
letter identification is not particularly im- 
portant. If the individual letter is regarded 
as the basic perceptual unit involved in read- 
ing, then the component skill of single-letter 
identification is important, but only if it dit- 
ferentiates effective reading from ineffective 
reading. 

"Thompson and Massaro (1973) provided 
the first serious evidence that the individual 
letter is the basic perceptual unit involved in 
reading. Mason (1975) provided evidence 
that good and poor readers could be dif- 
ferentiated at the level of single-letter identi- 
fication by their ability to use spatial redun- 
rather than by their ability to use 
Spatial redun- 
Mason, is 


daney 
visual feature information. 
dancy, as conceived of by 
perceptual in nature and is not a higher order 
linguistic variable. Distinctive features repre- 
sent fixed levels on physical dimensions. The 
position a letter occupies in a string of letters 
perceptually chunked by an initial and termi- 
nal blank space is also a physical dimension 
of the stimulus. Spatial redundancy refers to 
a positive correlation between these two 
physical dimensions. The second experiment 
reported in this paper built spatial redun- 
dancy into nonalphabetic materials. Again, 
good and poor readers were differentiated 
by their ability to use spatial redundancy 
rather than by their ability to use visual fea- 
ture information. Since nonlinguistic ma- 


terials were used, the results are clearly 
attributable to spatial redundancy rather than 
to a number of possible higher order linguis- 
tic variables that change with spatial redun- 
dancy when letters are used. 

The importance of the present studies, in 
conjunction with the Mason (1975) studies, 
is that they make it clear that the particular 
component skill of single-letter identifica- 
cation cannot be considered trivial to the 
reading process. This is not to say that it 
is the only important component skill, the 
most important component skill, etc. Such 
a position would be absurd. The intent, 
rather, is to say that the component processes 
(themselves complex) involved in single- 
letter identification warrant serious reading 
research effort. A comprehensive model of 
single-letter identification may well have to 
include main effects and interactions of 
spatial redundancy along with other vari- 
ables such as retinal location, position within 
the string, number of adjacent letters. shared 
distinctive features, and distance between 
shared distinctive features (see Estes, 1972b: 
Wolford, 1975). The difficult problem of a 
mechanism for handling “context” effects 
in single-letter identification could turn out 
to be a nonproblem, should it develop from 
future research that spatial redundancy 
rather than "context" is the relevant re- 
dundancy variable. 

To conclude, the role of perception. in 
reading has perhaps been underestimated be- 
cause it is primarily the perception of form 
(what is it?) that has been investigated. 
Evidence from the no-redundancy groups in 
Experiment 2 of the present study support 
earlier indications that good and poor readers 
are comparable in their ability to use dis- 
tinctive feature information ( Katz & Wick- 
lund, 1972; Mason, 1975). However, the 
perception of spatial location (where is it?) 
is quite distinct from the perception of form. 
We have behavioral data that item informa- 
tion and order information have separate 
representations in memory (Crossman, 
1960 ; Estes, 1972a ; Bjork & Healy, Note 2). 
We also have physiological evidence that 
form and space perception are mediated by 
different brain regions. (Schneider, 1969; 
Trevarthen, 1968). The role in reading of 
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the perception of the spatial location of let- 
ters has received very little research effort. 
It could well be that this has been a serious 
oversight. Spatial redundancy is based on 
the perception of where a letter is located 
in a linear array. There is some support for 
the notion of a spatial order perception deficit 
in poor readers. Mason, Katz, and Wicklund 
(1975) found that immediate spatial order 
memory (where was it?) for letters within 
strings was significantly better in good 
readers than it was in poor readers. They 
used a task which required retrieval only of 
order information ; subjects were given letter 
tiles for all the letters that had been present 
in a just viewed string of letters. The task 
was to arrange the letter tiles in the order 
in which they had occurred in the string. 
A further study (Mason, Note 3) had good 
and poor readers use the appropriate tiles 
to simply reproduce the order of a stimulus 
string still in view (where does it belong ?). 
Both letter strings and nonsense form strings 
were used. Poor readers were significantly 
slower than good readers in performing both 
types of tasks and also made more errors. 
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SUMMARY 


The present article deals with selective attention phenomena and elaborates on 
a stimulus material classification, “stimulus set” versus “response set," proposed 
by Broadbent (1970, 1971). Stimulus set is defined by some distinct and con- 
nherent in the stimulus. Response set is 


spicuous physical properties that are i 
characterized by the meaning it conveys, and thus its properties are determined 
by cognitive processing on the part of the organism. Broadbent's framework is 
related to Neisser's (1967) disti nction between two perceptual-cognitive process 
namely, preattentive control and focal attention. 

"Three experiments are reported. A before-after paradigm was employed in 
Experiment 1, together with a spatial arrangement manipulation of relevant 
versus irrelevant stimuli (being grouped or mixed). The results indicated that 
before-after instructions had a stronger effect under stimulus set than under 
response set conditions. Spatial arrangement, on the other hand, affected per- 
formance under response set but not under stimulus set conditions. These results 
were interpreted as supporting the idea that stimulus set material, which is handled 
by preattentive mechanisms, may be processed in parallel, while response set ma- 
terial requires focal attention that is probably serial in nature. Experiment 2 used 
a search task with different levels of noise elements. Although subjects were not 
able to avoid completely the processing of noise elements, they had much more con- 
trol under stimulus set than under response set conditions. Experiment 3 dealt 
with memory functions and suggests differential levels of perceptual processing 
depending on the nature of the stimulus material. This extends the memory frame- 
work suggested by Craik and Lockhart (1972). The results of these experiments, 
together with evidence from other behavioral and physiological studies, lend strong 


support to the proposed theory. 
At the theoretical level, it is sug 
and response set, and the correspon 


gested that the distinction between stimulus 
ding one between preattentive mechanisms 


and focal attention, are on a continuum rather than being an all-or-none classifica- 
tion. Thus, it permits greater cognitive flexibility on the part of the organism, 
which is reflected through the assumption that both preattentive mechanisms and 
focal attention may operate simultaneously and differ only in the salience of their 
functioning. From a methodological point of view, the distinction between stimulus 
material and organismic processes is emphasized. It is argued that researchers have 
not given sufficient attention to the properties of the stimulus materials that they 
have used, and as a consequence have reached unwarranted conclusions, as ex- 
emplified by a few studies that are briefly discussed. 
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Broadbent (1970, 1971) recently sug- 
gested an important distinction between 
two kinds of selective attention. He argued 
that these two types of selection processes 
operate in different ways, and the failure 
to distinguish between them has resulted 
in some confusion in the literature. 

According to Broadbent, in most ex- 
periments on selective attention the subject 
is provided (explicitly or implicitly) with 
a vocabulary of allowable responses and 
is presented with a variety of stimuli, 
only some of which are to be responded to. 
There are, however, two basic ways by 
which the distinction between relevant 
and irrelevant stimuli can be made. In one 
case, the vocabulary of responses deter- 
mines the selection such that there exists 
a perfect isomorphism between the stimuli 
to be selected and the allowable responses : 
Irrelevant stimuli do not have any cor- 
responding permissible responses. As an 
example, consider an experimental situ- 
ation in which a subject is exposed to a 
mixed array of letters and digits and is 
instructed to report only the digits. Ir- 
respective of whether or not his response 
is correct, he will almost never respond 
with a letter, since this is not included in 
the permissible set of responses. In the 
second- type of selection, the irrelevant 
stimuli are perfectly appropriate for re- 
sponse, and the distinction between rele- 
vant and irrelevant stimuli is made on 
the basis of some other features that are 
not related to the class of appropriate 
responses. An example of such an experi- 
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mental situation could be a case in which 
a subject is presented with a mixed array 
of red and black digits (or letters), and 
the task is to report either the red or 
black digits (letters). Here, the distinction 
is made on the basis of color, and there 
are no limitations on the set of appropriate 
responses. Following Broadbent's termi- 
nology, the first type of selection. will be 
termed “response set" and the latter 
"stimulus set." It should be mentioned 
that while different situations of response 
set are very similar in the sense that in 
each case some limitation is made on the 
set of allowable responses, the nature of 
limitation will differ from case to case and 
probably will be involved in some different 
cognitive processes. For instance, differen- 
tiating between vowels and consonants 
probably requires a different operata 
from that of distinguishing between letters 
and digits, although both would be labeled 
as response set tasks. In the case of stimu- 
lus set, different distinctions can be made 
based on different features of the environ- 
ment. For instance, the task could be 
responding differentially to lowercase or 
uppercase letters (in which the distinctive 
features would be size and shape); another 
case could be a distinction between stimuli 
that consist of circular versus straight-line 
elements (a shape distinction). In all these 
cases, the criterion that distinguishes be- 
tween stimuli is a physical feature that i$ 
inherent in the stimulus itself. In the case 
of response set, on the other hand, the 
distinction is based more on the meaning 
that is attached to the stimulus, and the 
source of the distinction is within the 
organism (rather than in the environ- 
ment). Crudely, the distinction (or selec- 
tion) in the case of stimulus set is probably 
made at a relatively early perceptual stage 
of sensory registration; while in the case 
of response set, the selection is made ay 
a relatively later stage, after the stimulus 
has been processed at least to some exa 
tent. Thus, Broadbent (1970, 1971) main- 
tained. that response set operates at й 
higher level of analysis than stimulus set 
Similarly, Knight and Parkinson (1975) 
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suggested that stimulus set is input selec- 
tive, while response set is output selective. 

Although the distinction between stimu- 
lus and response set is well defined in a 
formal sense, it is difficult to apply it in 
classifying real life situations. In most 
circumstances the distinction is not clear 
cut, since both stimulus and response set 
factors will be present. For instance, in 
the case of distinguishing between letters 
and digits, used as an example of a response 
set, one can argue that some very subtle 
shape differences may exist that might 
facilitate the distinction, thus providing 
the basis for stimulus set cues. Therefore, 
for practical purposes, the distinction be- 
tween these two types of selection might 
more appropriately be made on а con- 
tinuous relative scale than in a dichoto- 
mous, all-or-none fashion. Notice also that 
the "strength" or “efficiency” of stimulus 
set distinctions might vary. For example, 
a distinction between black and red is 
probably much more conspicuous and easier 
to handle than a distinction between black 
and gray, although both are considered to 
be stimulus set situations. The more con- 
spicuous the physical properties of the 
environment, the more it will tend to be 
a stimulus set situation. Studies by Wil- 
liams (1966), Von Wright (1968, 1970), 
and Snyder (1972) have explored in detail 
the relative efficiency of different stimulus 
set situations. The results of these studies 
suggest that location is the most efficient 
stimulus set cue, followed by color, size, 
and shape (in that order). 

Broadbent (1970, 1971) argued that the 
above two selection types represent two 
different functions that to a great extent 
are independent, and he tried to explicate 
the differences between the two by using 
the framework of signal detection theory 
(TSD) (Coombs, Dawes, & Tversky, 1970; 
Green & Swets, 1966; Swets, 1964). 
Broadbent's assertion can be stated as 
follows: Stimulus set should affect d’ (per- 
ceptual sensitivity), and response set should 
affect 8 (the response criterion). Before 
elaborating on this point, а brief discussion 
of the reasons that led Broadbent to this 


Point of view is in order. 
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Broadbent's (1957, 1958) filter theory 
can be justified to serve as a natural 
starting point for any discussion of modern 
theories of attention. (Kahneman, 1973). 
Without going into a detailed description 
of this model and its implications, several 
aspects of the model have been proved to 
be wrong. For one thing, contrary to filter 
theory, it has been shown that parallel 
processing of simultaneous stimuli does 
occur in certain tasks of divided attention 
(Treisman, 1970; Treisman & Fearnley, 
1971). Furthermore, there is sufficient 
evidence demonstrating that the content 
of irrelevant stimuli is identified, at least 
dimly and at least some of the time, even 
when the subject attempts to ignore it 
(see for example, Eriksen & Eriksen, 1974; 
Eriksen & Hoffman, 1972, 1973). Finally, 
the idea of a slow-moving filter that selects 
one stimulus at a time is not proven viable 
(Kahneman, 1973). 

In an attempt to accommodate the evi- 
dence against filter theory, Treisman (1960, 
1964, 1969) proposed a modification that 
was subsequently accepted by Broadbent 
(Broadbent, 1970; Broadbent & Gregory, 
1963). According to Treisman, the filter- 
ing was not necessarily an all-or-none 
process, which implied that rejected mes- 
sages are merely attenuated, not eradicated. 
Briefly, Treisman postulated hypothetical 
“dictionary units" in memory, which are 
activated by sensory messages. Each unit 
has a threshold that must be exceeded for 
perception to occur. Such a model enables 
one, for example, to explain Moray’s (1959) 
discovery that subjects often respond to 
their name spoken in one ear while they 
shadow a message in the other ear, simply 
on the assumption that thresholds for 
highly significant stimuli, such as one's 
name, are permanently lowered. An ad- 
ditional assumption is that thresholds for 
words that are highly probable within a 
certain context are temporarily lowered, 
thus explaining Treisman’s finding that 
shadowing subjects occasionally follow the 
contents of a message that is suddenly 
switched from one ear to the other. Using 
TSD terminology, these assumptions refer 
to changes (permanent or temporary) in 
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the decision criterion (8). On the other 
hand, differential treatments of attended 
and unattended stimuli (or channels) 
could be explained by differential sensi- 
tivity levels (d’). 

Accepting Treisman’s (1960, 1964) at- 
tenuation model, Broadbent (1970) argued 
that ‘‘Response set should give increased 
correct reactions associated with increased 
false reactions to the same type, because 
an advantage conferred on some items in 
the dictionary by internal factors should 
apply regardless of the presence or absence 
of appropriate stimuli, while stimulus set 
should give increased correct reactions 
associated with decreased false alarms on 
the same channel, as stimulus set increases 
the effect of the objective situation” (p. 54). 
Putting it differently, response set should 
affect the response criterion by changing 
the relative importance of noise to signal. 
Stimulus set should be reflected in changes 
of d', that is, in sensitivity. Some indirect 
support for these assertions was provided 
by Broadbent (Broadbent, 1967; Broad- 
bent & Gregory, 1963). To summarize 
then, TSD explicitly assumes a distinction 
between (a) the observer as a sensor, 
that is, the performance of sensory regis- 
tration functions and (b) the observer as 
à decision maker, which is manifested in 
his values, expectations, and other cogni- 
tive processes and their effects on his 
responses (Coombs et al, 1970). These 
two dimensions are confounded in per- 
formance, and TSD supposedly makes it 
possible to distinguish precisely between 
the two aspects. In a similar manner, 
response and stimulus set characteristics 
are confounded in most real life situations. 
Thus, Broadbent (1970) suggested the 
similarity and ties between stimulus set 
and the first aspect of TSD mentioned 
above on one hand, and between response 
set and the second aspect on the other 
hand. The use of TSD is proposed in 
order to achieve a precise distinction be- 
tween stimulus and response set. 

The stimulus-response set dichotomy is 
not novel; it appears in the psychological 
literature under several terminologies. For 
example, the historical controversy be- 
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tween the two leading schools of psychol- 
ogy at the beginning of the century, the 
Structuralists and Functionalists, can be 
illuminated in terms of stimulus and re- 
Sponse set. Attention, according to the 
Functionalists, implied an active stage on 
behalf of the organism, directing attention 
to this or that stimulus, and by so doing, | 
determining the nature of its experience 
(James, 1890). The selection process, ac- 
cording to this view, involves increased 
mental processing of the stimuli and 18 
dependent on some cognitive functions, 
thus requiring a more detailed analysis, 
which characterizes response set circum- 
stances. The Structuralists, on the other 
hand, emphasized more selection processes 
that were of stimulus set nature. The 
essence of attention, according to the 
= JN ; ;hat they called 
Structuralists, lay in W iiber. 
"sensory clearness,” and they were main’) 
concerned with physical features of the 
stimulus that (using their terminology) 
were ‘‘standing out" (Titchener, 1908). 
The concept of attention, following the 
Functionalists and Structuralists period, 
was practically banished from the psycho- 
logical literature until the fifties when 
interest in the concept was renewed fol- 
lowing Broadbent's (1957) article in which 
"filter theory" was first proposed. Again: 
one can trace the stimulus-response cate 
gorization that implicitly appears in severa 
writings. For instance, following the ter 
minology of Engel (1971) and Woodworth 
and Schlosberg (1965), one would includ? 
under stimulus set what they have terme% 
“object factors" or "external determiners: \ 
while the nature of response set would P 
strongly connected to what they calle? 
“subject factors" or “internal determiners: 
A very clear distinction between stim” 
lus and response set can be obtained о 
Hebb's (1949) theoretical framework. 50 
ulus set attention in this context wa 
operate on what Hebb termed the E 
tive unity," which is a sensorily determi 
unity and is defined as “that unity ?' h 
segregation from the background Me 
seems to be a direct product of the Р 
tern of sensory excitation and the E 
herited characteristics of the nerv’ 


| 


by the stimulus or on 
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system on which it acts" (р. 19). Accord- 
ing to Hebb, the primitive unity is per- 
ceived independent of experience. Indeed, 
it is conceivable that the mechanisms 
underlying the operations of stimulus set 
nature are to a great extent innate. Some 
evidence for such an assertion can be 
found in Senden's (1932) monograph, which 
describes some blind patients who after 
the first occurrence of vision following 
operation for cataract always responded 
to certain objects as wholes and could on 
Occasions detect differences between ob- 
jects. The work of Hubel and Wiesel 
(1965, 1968) on different kinds of detectors 
also lends support to the possibility that 
mechanisms which operate under the con- 
ditions of what is termed in the current 
text as stimulus set are innate. 

ae short, attention under stimulus set 
ois is manifested by the organism 5 
ор to construct the global per- 
of fhe structure (like figure-background) 
Enson environment at an early stage of 
part(s) registration and to select certain 
sig s) of it for further processing. It is 
ее that at least part of the mecha- 
i 5 that control this process are probably 
innate, implying that little or no learning 
I$ involved.! 

Response set would be characterized in 
Hebb's (1949) system by what he called 
the “попѕепѕогу unity’ and by "the iden- 
tity of a perceived figure," both of which 
are affected by experience. In this case, 
Some nonsensory factors would affect the 
processing and final selection. In other 
Words, the selection criterion in this case 
is not based on external physical proper- 
ties of the stimuli, but rather on the basis 
of some internal meaning that is conveyed 
some cognitive 
transformations through which it may go. 
Hebb explicitly mentioned that the primi- 
tive unity and the nonsensory unity are 
rather two extremes, and in most circum- 
stances both sensory and nonsensory factors 
will affect the final construction of a per- 
cept. This is analogous to the remark 
made earlier with respect to stimulus and 


response set. 


The closest theoretical framework to the 
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present classification, and one which will 
be emphasized throughout this article, is 
the one which was proposed by Neisser 
(1967). According to Neisser's theory, per- 
ception is an active process of analysis 
by synthesis. Hence, a spoken message, 
for instance, is understood by covertly 
reproducing it, and visual percepts are 
produced by a similar activity of syn- 
thesis. However, as Neisser (1967) has 
noticed, "If we allow several figures to 
appear at once, the number of possible 
input configurations is so very large that 
a wholly parallel mechanism, giving a dif- 
ferent output for each of them, is incon- 
ceivable. To cope with this difficulty, even 
a mechanical recognition system must have 
some way to select portions of the in- 
coming information for detailed analysis. 
This immediately implies the existence of 
two levels of analysis: The preattentive 
mechanisms, which form segregated ob- 
jects and help to direct further processing, 
and the act of focal attention, which 
e sophisticated analyses of the 
' (p. 94). Unfortunately, the 
exact nature of preattentive mechanisms 
and focal attention has never been well 
defined. Loosely speaking, preattentive 
mechanisms operate at a preliminary stage 
that involves rapid and fairly inaccurate 
processing. These "silent systems proba- 
bly operate on easily discriminable physical 
features, and are responsible for grouping 
and localization as well as routinely moni- 
toring for critical features of stimulation 
that might require redirection of focal at- 
tention. According to Neisser, it is plausible 
to conceive of these operations as not 
being represented in awareness (cf. Kahne- 
man, 1973). The subsequent “focal atten- 
tive" stage is a slower mechanism, acting 
upon less discriminable features of the 
stimuli and involving additional detailed 
processing. Unlike preattentive mecha- 


makes тог 
chosen object 


iThis is not to say that further experience 
might not shape the operations of these mechanisms. 
Experience would also be important in more com- 
plicated situations in which some of these basic 
mechanisms are needed for simultaneous operations 
(Rabbitt, 1967). ў 
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nisms, the operations of this level are said 
to be conscious and of a cognitive nature. 
In short, focal attention implies a higher 
level of analysis than preattentive 
mechanisms. 

Broadbent's (1970) classification based 
on type of stimulus material can now be 
explicitly related to Neisser's (1967) theory 
of perceptual mechanisms. Indeed, the two 
frameworks are closely tied and are com- 
plementary in that the latter focuses on 
covert processes, while the former sets the 
boundaries and conditions under which 
these processes operate. It was mentioned 
earlier that Neisser did not provide rig- 
огоцѕ and precise descriptions concerning 
the circumstances under which preattentive 
mechanisms will operate. Briefly, in the 
present context, it is suggested that preat- 
tentive processes will act on stimulus set 
conditions. No preattentive mechanisms 
can be developed for a pure response set 
à condition which requires focal attention. 
It has been emphasized that the judgment 
of whether a specific condition is of stimu- 
lus or response set nature should be made 
on a relative scale. Similarly, the preatten- 
tive-focal attention distinction is not an 
absolute classification. Preattentivi 
nisms will have a primary role 
ations that are mainly determined by 
stimulus set conditions, and focal atten- 
tion will have the primary role under 
Tesponse set conditions. Preattentive and 
focal attention are Supposedly controlled 
by independent mechanisms; however, in 
most circumstances both operations will 
be present and will differ only in the 
salience of their functions. 

In his final conclusions 
suggested several hypotheses—which 
admitted were rather spe 
regard to the mech 
underlying preatte 


, 


e mecha- 
in situ- 


, Neisser (1967) 
he 
culative— with 
anisms and operations 


ntive mechanisms and 
focal attention, which further illumin 


the connection with stimulus 
Set, respectively. 

First, the quick and fairly 
scanning performed by 
nisms, and the fact tl 
à relatively lar. 
Suggest that 


ate 
and response 


inaccurate 
preattentive mecha- 
hat they encompass 
ве part of the visual field, 
they might be working in 
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parallel. Focal attention that is directed 
to a limited region of the field requires 
much more “concentration of psychic 
energy" (Neisser, 1967, p. 88) and is 
involved in a higher level of processing, 
which suggests that it is a more demanding 
process and probably serial in nature. It is 
suggested that in a similar manner, stimu- 
lus set material can be handled by parallel 
processing; in a response set condition, on 
the other hand, detailed processing is 
required and the stimulus undergoes cogni- 
tive transformations, which suggests a serial 
operation. 

Second, focal attention 
mostly acquired through experience 
Whereas preattentive mechanisms, which 
are said to be subliminal, are in a way 
autonomatic and do not necessarily re- 
quire previous experience. Indeed, it has 
already been suggested that some of the 
mechanisms controlling a stimulus set 
situation might be innate? Hence, some 
learning is usually required for handling 
response set but not stimulus set material. 

Finally, I suggest that focal attention. 
which involves higher level 
makes it possible to encode the stimulus 
whereas the crude Process of preattentive 
mechanisms do not.? The fact that stimu- 
lus material is encoded during focal ра 
tion processes but not unde uve 
mechanisms (or differently, response Sc! 
material is encoded but not stimulus set та» 
terial) suggests differential effects on mem- 
ory. Experiments 1 and 3 in the present 
article support this hypothesis. 

In summary, it is suggested that the 
two frameworks of stimulus-response зеб 
and preattentive-focal attention аге 


ргосеѕѕеѕ аге 


processing. 


r preatten 


* As with stimulus set, this is not to say that the 
use of preattentive mechanisms cannot be o 
highly developed through experience, especially fc 
more c icated tas! " 
ЕЕ encoding has received ae GE 
interpretations in the literature. In the age hos 
encoding is referred to as a covert yr а t 
Structing the percept, as a result of эм M d 
stored in short-term memory. Actually, thoug h a 
the present context any of the current usages s 
the term would suffice and would not affect m? 
argument, 
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closely related, and that the former dis- 
tinction might serve as a useful conceptual 
(or descriptive) framework for the latter. 
There are several advantages in using the 
terminology proposed in this article. First, 
it provides a precise definition for the 
domains under which Neisser's two dif- 
ferent systems may operate. In addition, 
the use of stimulus-response set terminol- 
ogy might have important methodological 
implications, suggesting the need to avoid 
the confounding of stimulus set and re- 
sponse set conditions. Finally, the present 
framework might illuminate certain theo- 
retical and controversial issues that have 
been raised in the current literature. Both 
the methodological and theoretical im- 
plications will be elaborated on in the 


final discussion. 


Experimental Evidence 

Turning to some experimental evidence, 
two experiments (one in the auditory 
modality and the other visual) were re- 
ported by Broadbent (1970) to demon- 
strate the difference between the two 
selection types that he proposed. The 
pre-post instruction paradigm was em- 
ployed, a technique that has been used 
since Kiilpe (1904). In the present con- 
text the following predictions can be made: 
In the case of stimulus set, preinstruction 
will enable the system to reject irrelevant 
stimuli after analyzing very little informa- 
tion. According to Broadbent, the selection 
of red from black characters involves a 
single binary choice. For postinstruction, 
however, the subject must try to analyze 
fully all the stimuli presented and then 
select the relevant ones subsequently when 
he gets the instruction. Put differently, 
preattentive mechanisms might be of help 
in the preinstruction but not in the post- 
instruction condition. Hence, stimulus set 
should give a relatively large pre-post dif- 
ference. For response set, on the other 
hand, a good deal of analysis (even of 
irrelevant items) is required both in the 
pre- and postinstructions. According to 
the present interpretation, the advantage 
Of preattentive mechanisms cannot be 
utilized—focal analysis is required under 
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both pre- and postinstruction conditions. 
Hence, response set should result in a rela- 
tively small pre-post difference. 

In the visual condition of Broadbent's 
(1970) experiment, the stimuli were six 
digits ordered in two rows of three, one 
row being colored red, the other one 
white, for the stimulus set condition. For 
response set, digits versus letters were 
used, all appearing in the same color. 
Half of the cases had the upper row of 
digits and the lower row of letters; in the 
other half, the order was reversed. In the 
auditory condition, stimulus set consisted 
of male and female voices, while response 
set was again digits versus letters. Subject's 
task was to report all the characters that 
were in the category he was instructed to 
report. A between-subjects analysis design 
was used in both experiments. 

Broadbent's results confirmed his ex- 
pectations. Using an accuracy measure 
(percentage of lists that were correct), the 
difference between pre- and postinstruc- 
tion was, in both modalities, significantly 
larger for stimulus set than for response 
set. This is an outcome of a sign test on 
the number of subjects showing a dif- 
ference between pre- and posttest, which 
resulted in a significant difference for the 
stimulus set but not for the response set 
group. When, however, the pre-post dif- 
ference for each subject was compared for 
the stimulus and response groups, it was 
significantly greater for stimulus set in the 
auditory condition (p = .02) but not for 
the visual condition. The insignificant 
effect in the visual condition is explained 
by Broadbent as being the result of the 
fact that different kinds of errors behave 
differently : "For error of intrusions from 
the wrong channel, there is a significantly 
larger pre-post difference for the stimulus 
set group while for other types of error 
the differences are almost identical. Sub- 
stantial numbers of intrusions occur only 
under post cuing, and then as expected 
they are largely confined to the stimulus 
groups. In the response groups, the in- 
trusions take the form of responses con- 
taining only items from the wrong class 
rather than a mixture of classes, and may 
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be regarded as а failure to obey the in- 
structions for the particular list" (Broad- 
bent, 1970, p. 58). It is not clear, however, 
why this argument could not be equally 
applied to the auditory case. It is true 
that to identify errors of intrusion in the 
stimulus set condition is more difficult, 
since any response is included in the 
allowable set of responses, but the above 
argument is not satisfactory in explaining 
why the results in the auditory condition 
were significant and the results for the 
visual condition were not. 

Additional disturbing facts, which Broad- 
bent was aware of, are the results of an 
earlier study by Brown (1960). Although 
Brown's design was somewhat different, 
there are many analogies between the two 
studies, and Conditions II and IV in his 
study correspond to Broadbent’s response 
set and stimulus set conditions, respec- 
tively. Brown, too, used a pre-post in- 
struction paradigm and employed a be- 
tween-subjects design. One of the results 
obtained from Brown's study is that the 
difference in performance between pre- and 
postinstruction was the same for both 
stimulus set (red or black characters) and 
response set (letters or digits). Thus, the 
results obtained from the two studies are 
incongruent. 

Although the source of the discrepancy 
between the results obtained by Brown 
and Broadbent is not clear, they both can 
be criticized on some methodological 
grounds. The major drawback of both ex- 
periments was the use of a between-sub- 
jects design and a small number of trials 
for each subject (as well as a small number 
of subjects). The choice of such a design 
results in a low-power test as Broadbent 
himself has admitted. In addition, the 
between-subjects design does not enable 
à comparison to be made of the same 
subject on all conditions, and hence vari- 
ance due to individual differences will be 
larger compared to a within-subjects de- 
sign. With respect to the specific task, the 
use of a small number of trials is not 
sufficient to obtain a stable rate of per- 
formance, Finally, in the visual part of 
the experiment, the response set condition 
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had a confounding effect of stimulus set, 
since digits and letters were always in the 
upper or lower row, and hence the row 
location might have served as a stimulus 
set cue. 

Because of these methodological prob- 
lems and the conflicting results reported 
by Broadbent (1970) and Brown (1960), 
it would be desirable to obtain additional 
data to clarify the issue by using a 
modified experimental design. Hence, Ex- 
periment 1 was designed to determine 
whether indeed the difference between 
pre-post instructions would be larger in 
the case of stimulus set than in the case 
of response set. In addition, another vari- 
able, namely the spatial arrangement of 
target and noise characters, was manipu- 
lated in order to get further understanding 
as to the nature of the processes under- 
lying each of the selection types. A recent 
article by Fryklund (1975) indicates that 
the arrangement of the cued items and 
the background material is of importance 
when a partial report paradigm is used. 
In the present experiment it is expected 
that the arrangement of the noise items 
should not affect the stimulus set condi- 
tion because preattentive mechanisms, 
which supposedly operate in this case, are 
crude and superficial and enable focusing 
on the targets, thus avoiding processing 
of noise material. For response set, how- 
ever, spatial arrangement should be of 
importance because of the detailed anal- 
ysis required in this case. 


EXPERIMENT 1 
Method 


Subjects. Four undergraduate students from the 
University of Illinois (one male) served as pai 
subjects. All had normal or corrected-to-norma 
vision. 

Apparatus and stimuli. A scientific prototype 
Modei GA three-field tachistoscope was employe 
with Sylvania FT45/CWX lamps. Luminances ч 
the three fields were set at 4.5 ft.L. (1.31 mc) К 
measured with a spectra spot photometer. А sm? 
black fixation cross appeared constantly in Field ; 
(the adaptation field), except when the instructio, 
or the stimulus displays were presented in 1 
2 and 3, respectively. > К. 

The stimuli consisted of the capital letters А, F* 16 
and N, which appeared either black or red, and all 
digits 2, 4, 5, and 8, which appeared in black * 
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taken from Lettraset Number 47-18-CLM); the 
black letters were mounted on white vinyl cards, 
and the digits and red letters were mounted on 
clear plastic cards. The display that was presented 
on each trial consisted of a combination of a white 
and a clear card. All stimuli were .175 in. (.344 cm) 
high, which subtended .18° of visual angle. Each 
display consisted of six characters positioned 
around an imaginary circle, 2° of visual angle in 
diameter, which was centered on the fixation cross. 
For the stimulus set condition, the display consisted 
of three red letters and three black letters; for the 
response set condition, the display consisted of 
three digits and three letters, all black. The set of 
characters to be reported appeared either adjacent 
to each other or separated (see Figure la and 1b). 
Sixty-four cards were prepared for the stimulus set 
condition (St) and sixty-four cards for the response 
condition (Re). 

Thirty-two St cards consisted of three red letter 
combinations and 32 cards of three black letter com- 
binations. The Re cards were divided into 32 letter 
and 32 digit combinations, all in black. Each block 
of 32 cards consisted of 16 cards in which the three 
characters were adjacent to each other; the other 
half consisted of characters that appeared sepa- 
rately. For each trial two cards were selected; the 
order of presentation was random and balanced such 
that each combination of three characters appeared 
equally likely. 

The instructions as to which set of characters to 
report appeared in Field 2. These were capital 
letters. (Para-Type Number 11505, height .4 in. 
(1.02 cm], which subtended .42° of visual angle) 
that appeared at the center of the imaginary circle. 
Since they were much larger than the stimulus char- 
acters, they were easy to perceive, and subjects had 
little difficulty handling the instruction after a short 
period of practice. In the stimulus set condition, the 
letter C was used to indicate report of colored 
letters (ie., red), and the letter B was used for 
reporting the black letters. For response set, the 
letters D and L were used to indicate digits and 
letters, respectively. 

Field 1 contained a black 
appeared in the middle of the field 
.2? of visual angle. 

Procedure. There was a total of eight conditions: 
Stimulus set or response set, characters to be re- 
ported as adjacent or separated (this is the spatial 
arrangement variable), and instruction appearing 
before or after the stimulus display. Each of the 
four subjects was run for a total of 14 sessions, the 
first six of which served as practice A 
session was devoted entirely to the stimulus set 
condition or to the response set condition, and was 
divided into two blocks: In one block the instruc- 
tions were given before, and in the other block 
instructions followed the display. Within each 48 
trial blocks the instructions as well as the spatial 
arrangement of the stimuli were randomly dis- 
tributed, under the restriction that each condition 
was equally likely; each experimental block was 
preceded by six practice trials. The order of sessions 


fixation cross that 
and subtended 


(а) (e) 
_ FIGURE 1. The set of characters to be reported 
(in this example, letter or digits) appeared either 

separated (a) or adjacent to each other (b). 


(i.e., whether it was a stimulus set or response set 
condition) and the order of blocks within a session 
(instructions given before or after) were counter- 
balanced among subjects. 

Subjects were instructed to initiate a trial by 
pushing a button when they had the fixation cross 
in clear focus and were ready. In the before condition, 
the instruction letter appeared for 125 msec (such 
that the fixation cross was in the center of the 
letter) followed by 125 msec of the fixation field. 
The six-character stimulus display, which followed, 
appeared for a brief period that varied from subject 
to subject and was determined during the practice 
session (the criterion being 75% trials correct in the 
stimulus set condition where instruction appeared 
first). In the after condition, the order of presenta- 
tion was reversed: The stimulus display appeared 
first followed by the fixation field (for 125 msec) 
and finally the instruction. The subject reported 
at the end of each trial the three target characters, 
and the experimenter confirmed a right answer or 
gave the correct response in the case of an error. 
Subjects were instructed to report three charac- 
ters and to make their best guess in case they did 
not perceive all three characters. Each session lasted 
for approximately 45 min. 


Results 

The main results are summarized in 
Table 1, in which percent correct responses 
is shown for each of the two types of 
selection (stimulus versus response set) 
under before versus after instruction and 


TABLE 1 
MEAN PERCENT Correct RESPONSES FOR Елси 
CONDITION SUMMED ACROSS ALL FOUR 
SUBJECTS FOR EXPERIMENT 1 


Stimulus Set Response Set 


Instruction Adjacent Separated Adjacent Separated 
Before 84.9 78.1 82.3 66.9 
35.9 57.0 42.7 


After 47.4 
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the two different spatial arrangements of 
stimuli and noise. A three-way analysis of 
variance revealed that the main effects 
of instruction, F(1, 3) = 154.3, p < .001, 
and spatial arrangement, 2(1, 3) = 13.4, 
p < .035, were significant. In addition, the 
interaction between type of selection and 
instruction was also significant, F(1, 3) 
= 65, р < .004. The significance of the 
instruction effect usually is considered as 
evidence of selectivity in the intake of 
information and, thus, confirms that some 
attentional processes have been employed. 
The significant interaction between selec- 
tion type and type of instruction confirm 
Broadbent’s (1970) assertion that the dif- 
ference between pre- and postinstruction 
should be larger for stimulus set than for 
response set. Finally, the significant result 
obtained for the spatial arrangement is 
congruent with Fryklund's (1975) results, 
although she did not distinguish between 
stimulus and response set conditions. As 
will be shown, this effect is more salient 
under response set conditions. 

Several studies in recent years (Dwyer, 
1974; Hays, 1963; Humphreys & Fleish- 
man, 1974; Vaughan & Corballis, 1969) 
have emphasized the importance of an 
additional measure that will indicate the 
proportion of variance accounted for by 
each factor. The most popular measure is 
usually в?, which was suggested by Hays 
(1963). Applying this measure to the data 
reveals that the instruction factor accounts 
for 68% of the variance, while the spatial 
arrangement and the interaction between 
selection type and the instruction factor 
(both of which turned out to be signifi- 
cant) account approximately for only 8% 
and 4% of the variance, respectively. The 
reason for this state of affairs is clear: 
The "obvious" before—after factor is so 
Strong that it is masking the possible 
existence of other effects. In other words, 
the present situation can be interpreted 
in two ways. One possibility is that the 
above two factors are indeed of secondary 
importance and, hence, their low ow. There 
is, however, another possibility: It might 
be that the low o? is simply an artifact 
that is created by the existence of another 
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strong effect (in this case, the pre~post 
instruction). Р 

It is possible to show that в? is indeed 
a correlation coefficient, as was pointed 
out by Humphreys and Fleishman (1974). 
In order to find the real importance of a 
variable (or its strength of relationship 
with the dependent variable), the partial 
correlation of that variable with the de- 
pendent variable would,be.of interest. 
The use of a partial correlation will sup- 
posedly remove the masking effect pro- ' 
duced by another Variable that is inter- 
acting in the design. Humphreys and 
Fleishman (1974) suggested that & would 
serve as the appropriate measure for a 
partial correlation.* The"formula for com- 
puting & is: 


А SSsource — MSe 
а= 


Source + Ss + MS, 


Using this measure to indicate the “im- 
portance" of a factor, one obtains е equal 
to .71 for spatial arrangement and .93 for 
the interaction of instruction and selection 
type. The conclusion is that both effects 
are probably stronger than the w? analysis 
indicates. 

There is an additional way to break 
down the data. Since the experiment was 
conducted such that sessions were alter- 
nated between stimulus set and response 
set conditions, the data for each condition 
are independent. Hence, it was decided 
to analyze the data from each condition 
separately. Although the before-after effect 
was significant in both analyses, the 
variance accounted for by this effect dif- 
fered in both conditions: For 
Е(1, 3) = 2731, p= .0005, w? = .8452, 
€ = .9820; for response set, /(1, 3) 
= 67.5, р = 004, w? = .5152, е = ‚9001. 
Hence, there is additional support for the 
assertion that the difference between pre- 
post instruction is larger for stimulus set 
than for response set. 

The separated analyses of the two con- 
ditions reveal another finding th 


Аса... 


stimulus set, 


at is con- 
„Бог a detailed discussion, 
Note 1. Also see Keppel's (1 
nitude of treatment effects. 


see Keren & Lewis, 
973) discussion on mag- 
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gruent with our expectations. As can be 
seen from the following data, the spatial 
location variable is significant for the case 
of response set, F(1, 3) = 32.4, р = .011, 
w? = 1828, e = .8626, but not for the 
case of stimulus set, 2(1, 3) = 3.85, p 
= .1442, в? = .0326, & = .3637. 


Discussion 


The results of Experiment 1 confirmed 
Broadbent's (1970) findings and suggest 
that the two types of stimulus material 
are processed differently. There is also 
ample indirect evidence to support this 
finding, as will be reviewed later in this 
article. 

Although the pre-post instructions af- 
fect stimulus and response sets differently, 
the paradigm does not reveal the dif- 
ferences in the nature of the processes 
underlying the two situations. The spatial 
arrangement variable was used to further 
investigate the different processes under- 
lying the two selection types. If indeed 
stimulus set requires only a single binary 
choice between relevant and irrelevant 
stimuli, then spatial arrangement should 
have very little effect, if any. For stimulus 
set, the relevant stimuli should “stand 
out" irrespective of their spatial arrange- 
ment. For response set, however, the con- 
dition where noise and target letters are 
mixed should be more difficult than in the 
case in which they are grouped. The main 
reason is that the response set condition 
supposedly requires focal attention, and 
hence each character has to be analyzed 
in detail. Assuming that the subject is 
processing the six characters one by one 
(irrespective of the character on which he 
starts), he will always have to analyze at 
least five characters in the case where 
targets are mixed with noise letters; but 
for the case where targets are adjacent, he 
might sometimes start immediately with 
a target, in which case only three charac- 
ters will be processed. In other words, 
under the assumption of serial processing, 
the average number of stimuli that needs 
to be processed is smaller under the ad- 
jacent condition compared with the mixed 
condition. Hence, differential reaction times 
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under response set for the adjacent and 
separated conditions would be expected. 
The fact that the spatial arrangement effect 
was significant for response set but not 
for stimulus set supports these conclusions. 
The results of Experiment 1 have further 
important implications. In a recent article 
by Shiffrin and Gardner (1972), two basic 
questions concerning the nature of visual 
information processing were raised : 


1. Can the amount and rate of infor- 
mation processed from a briefly presented 
image at a given location in the visual 
field be varied by subjects voluntarily ? 

2. Is the information processed from a 
given location of a briefly presented dis- 
play affected by the simultaneous proc- 
essing of information from other locations 
in the display ? 


According to Shiffrin and Gardner, there 
is no definite answer to either of the 
above two questions. Studies by Estes 
and his coworkers (Estes & Taylor, 1964, 
1966; Estes & Wessel, 1966) and by 
Rumelhart (1970) imply a yes answer to 
both questions. On the other hand, em- 
pirical and theoretical work by Eriksen 
and Spencer (1969), Eriksen and Hoffman 
(1972), and Gardner (1970, 1973) argues 
strongly that the answer to both is ло. 
A recent article by Eriksen and Eriksen 
(1974) concluded that "S cannot prevent 
processing of noise letters occurring within 
about 1 degree of the target due to the 
nature of processing channel capacity and 
must inhibit his response until he is able 
to discriminate exactly which letter is in 
the target position" (p. 143). 

Although the present point of view is 
close to that of Eriksen and Gardner, 
some modification is suggested. We would 
expect to find a difference with respect to 
the abovementioned two questions, de- 
pending upon the nature of the task that 
is used: With response set, I would de- 
finitely argue that the answer to both 
questions is zo. With a typical stimulus 
set situation, the answer is not clear cut. 
The physical features might stand out and 
be sufficiently conspicuous to enable some 
control by the subject and allow him 
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to avoid the processing of noise letters. 
Experiment 2 was designed to test this 
conclusion and further investigate the role 
of noise material under the two types of 
selection. 

EXPERIMENT 2 


The paradigm employed in the current 
experiment was similar to the one used 
by Eriksen and Eriksen (1974). Subjects 
detected one target among eight letters, 
and were instructed to press a lever to 
the right (or left) if the target letter was 
an A or an F and in the opposite direc- 
tion for an E or a К. In the response set 
condition, half of the letters were con- 
sonants, the other half vowels. The subject 
was told before each trial to report either 
a vowel target (consonants being the ir- 
relevant group) or a consonant target 
(vowels being the irrelevant group). For 
the stimulus set condition, black and red 
letters formed the relevant and irrelevant 
groups. Under both conditions the relevant 
and irrelevant groups consisted of four 
letters each; in addition to the four tar- 
gets, another four "neutral" letters were 
used: U, O, N, and G. Under each con- 
dition the irrelevant group was manipu- 
lated in three ways: (a) The noise letters 
were drawn from the same set as the 
target and thus were response compatible. 
For instance, if in the response set con- 
dition, the subject was instructed to 
respond to vowels and the target was an E, 
the irrelevant group would include three Ks 
and an additional consonant from the 
neutral set. In the case of stimulus set, 
if the instruction was "black" and the 
target was a black A, the red letters 
would consist of 3 Fs (or 3 As) and an 
additional letter from the neutral set. 
(b) Noise letters for the irrelevant group 
were drawn from the opposite set of the 
target and were thus response incom- 
patible. (c) The irrelevant group was 
neutral, and letters were drawn from the 
set U, O, N, and G. Thus each display 
was composed of the relevant set (one 
target and three neutral letters) and the 


irrelevant set (one of the above three 
conditions). 


The effect of the three different noise 
conditions is of special interest. If response 
set requires more detailed and accurate 
processing, We might anticipate differential 
reaction times (as well as errors) under 
the three noise levels. Specifically, the in- 
compatible noise condition should inhibit 
the correct response, which will yield slower 
reaction times and a higher rate of errors. 
The noise compatible condition should 
have a facilitating effect resulting in 
shorter reaction times and a low error rate. 
On the other hand, since selection under 
stimulus set conditions is said to be based 
on general and crude processing, the ir- 
relevant noise letters will not benefit 
complete processing through to the point 
of encoding, and hence no differential 
performance under the three noise condi- 
tions should be expected in this case. The 
spatial arrangement of relevant and ir- 
relevant letters was also manipulated in a 
way similar to that in Experiment 1. 


Method 


Subjects. Four undergraduate students from the 
University of Illinois (all males) served as paid 
subjects. All had normal or corrected-to-normal 
vision, and none had participated in Experiment 1. 

Apparatus and stimuli. Stimuli and apparatus 
were essentially the same as in Experiment 1 except 
for the following: Each display consisted of eight 
characters that were positioned around an imaginary 
circle with 2° of visual angle in diameter centered 
on the fixation cross. Each display was formed by 
a combination of two plastic cards (one white and 
one transparent vinyl), each containing four letters. 
For stimulus set, red letters were mounted on one 
card, black letters on the other; for response set, 
four vowels and four consonants were mounted on 
each of the two cards, respectively. In addition, 
four instruction cards were prepared, two containing 
the words “black” and “red” (for the stimulus set 
condition), and the other two containing "vowel" 
and “consonants” (for response set). They were 
constructed from the same capital letters that were 
used in preparing the stimuli (Lettraset Number 
47-18-CLN). 

_ Procedure. Each subject participated in 10 ses- 
sions, the first two of which served for practice. 

session was devoted entirely to either stimulus OT 
response set conditions. Sessions were alternated 
each day and counterbalanced among subjects. 
Each session consisted of 6 warm-up trials followed 
by 96 experimental trials. Subjects were instructe 
to hold the hand switch to initiate the stimulus 
presentation in the left hand and to place the right 
hand on the hand rest with thumb and forefinger 
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holding the response lever. They were told to be 
sure the fixation cross was in good focus before 
initiating a trial. Two of the subjects were in- 
structed to press the lever to the right if the target 
letter was an A or an F and left for an E or a К. 
The other two subjects received the opposite in- 
structions. Upon pressing the hand switch button, 
the fixation field went off and the instruction word 
(“vowels” or “consonants” for response set, “гей” 
or “black” for stimulus set) appeared and remained 
for 750 msec. Upon termination of the instruction, 
the fixation field reappeared for 250 msec, followed 
by the stimulus field which stayed for 500 msec. 
Subjects were instructed to respond as quickly as 
possible while maintaining a high rate of accuracy. 
By the end of the trial, reaction time (starting from 
the onset of the stimulus field) was recorded, and 
the subject was informed about his exact reaction 
time. Any trials in which the subject pressed the 
lever in the wrong direction or both directions was 
not recorded and was rerun later in the session. A 
note was made of the error, and the subject was 
notified that his response was wrong. Each of the 
four target letters appeared equally often and they 
were randomly spread among the 96 trials. On every 
session, 32 trials were devoted to each of the three 
noise conditions and were randomized throughout 


Results 


Since stimulus and response sets were 
tested during different sessions, there is 
sufficient ground to assume independence, 
and hence they were analyzed separately. 

Reaction times. In Table 2 mean re- 
action times are shown for each of the 
three noise levels under adjacent and 
separate spatial arrangements and two 
different kinds of instruction (red versus 
black for stimulus set, vowels versus con- 
sonants for response set). A three-way 
repeated measures analysis of variance 
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(ANOVA) was performed on each of the 
two conditions. For the response set con- 
dition, the only significant effect was type 
of noise, F(2, 6) = 50.41, р < .0002. 
A similar. ANOVA performed on the 
stimulus set data also yielded a significant 
type of noise effect, F(2, 6) = 13.84, р 
< .006. The size of the F ratios suggest, 
however, that although the noise back- 
ground had an effect on each of the two 
conditions, it had a much more important 
role under response set. The two measures 
of importance utilized earlier were em- 
ployed to find out the variance accounted 
for by the noise effect under each condi- 
tion, and the results were: for response 
set, w = .136 and е? 926; for stimulus 
set, о? = .051 and е = .769. Finally, an 
ANOVA on the combined data from both 
the stimulus and response set conditions 
resulted in a highly significant noise effect, 
FQ, 12) = 60.38, р < .00001, and a sig- 
nificant interaction of Noise X Type of 
Stimulus Material (stimulus versus re- 
sponse set), F(2, 12) = 11.66, р < .002. 
Again, these results support the notion 
that the manipulation of the noise back- 
ground had a much stronger effect under 
response compared with the stimulus set 
conditions. 

Errors. 'The mean errors across subjects 
under the three conditions (type of noise, 
spatial arrangement, and kind of instruc- 
tions) are summarized in Table 3. 

Analyses identical to the ones per- 
formed on reaction time were used. The 
ANOVA on the stimulus set data indi- 
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Mean REACTION Time FOR STIMULUS AND RESPONSE SET CONDITIONS AS A FUNCTION OF 


SPATIAL ARRANGEMENT AND TYPE OF NOISE FOR EXPERIMENT 2 


Separated 


Adjacent 
Instruction “Incompatible Compatible Neutral Incompatible Compatible 

D^ = Stimulus set 

Red 676.7 717.1 705.9 730.5 

Black 664.3 735.0 714.1 741.5 

Б Response set 

Sawels 599.6 702.4 634.7 608.6 710.9 3 

pereo 702.1 087.8 848.2 


667.0 


Consonants 
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TABLE 3 


MEAN NUMBER OF ERRORS AND PERCENTS FOR STIMULUS AND RESPONSE SET CONDITIONS 
AS A FUNCTION OF SPATIAL ARRANGEMENT AND ‘Type OF NOISE FOR EXPERIMENT 2 


Adjacent Separated 
Instruction Neutral Incompatible Co patible Neutral Incompatible Compatible 
Stimulus set 

Red в А в 
М еггог 2.50 2.25 2.00 1.50 2.15 
б error 7.8% 7.0% 6.3% 4.78; 8.66; 

Black АЯ А А 
М error 3.00 2.75 3.25 3.00 2.50 3.25 
С, error 9.46; 8.6% 10.1% 94^; 7,8% 7.0% 

Response set 

Vowels _ x AS Я 
М error 1.50 0.00 75 1.75. 4.25 2.00 
% error 4.7% 18.86, 24% 5.5% 13.3% 6.3% 

Consonants _ 

М error 2.75 2.00 1.00 9.25 2.00 
Yo error 8.66; 6.36 31% 28.9% 6.3% 
cated that none of the effects were sig- Discussion 


nificant. For response set, however, the 
noise background was highly significant, 
F(2, 6) = 24.7, р < .002. The rate of er- 
rors for the incompatible noise condition 
was significantly higher than for either the 
neutral or the compatible noise conditions, 
as revealed by a post hoc multiple com- 
parisons analysis; the error rates under the 
latter two conditions were almost identical. 
The variance accounted for by the noise 
effect was high (ш? = 4374, e = .8583), 
thus suggesting that it played a critical 
role. The triple interaction between kind 
of noise, spatial arrangement, and kind of 
instruction was also significant, р < .005. 
Finally, an ANOVA on the combined data 
obtained from the stimulus and response 
set conditions yielded results identical to 
those obtained for reaction times; both 
the effect of noise, F(2, 12) = 122, p 
< .002, and the interaction of Noise 
х Type of Stimulus Material, F(2, 12) 
= 10.4, р < .003, were highly significant. 

There was a difference in the mean 
percent of errors per subject (averaged 
across all other conditions) between the 
stimulus set (7.7%) and response set 
(9.7%) condition. Although this difference 


did not reach significance, it is in the 
expected direction. 


A fundamental question raised in Ex- 
periment 2 is whether perception of target 
items differs in any essential way from the 
perception of field items. Specifically, is it 
possible for subjects to attend selectively 
to the targets and thus "perceive" field 
items at a relatively rudimentary level, if 
at all? It was pointed out in the discussion 
of Experiment 1 that there is no unani- 
mous agreement among researchers on this 
issue. In addition, the present point © 
view tends to agree with those researchers 
who concluded that a subject's ability a 
completely control his attention 18 um 
likely. This article has earlier suggested 
a modification of this conclusion bY M 
ferentiating between stimulus and response 
set conditions. The results of Experiment 
strongly support such a modification. 3 
significance of the noise effect (where Te- 
action time served as the dependent varl- 
able) under both stimulus and response 
set conditions implies that the subject 18 
not able to completely prevent the proc 
essing of field items in either condition: 
However, the relative importance of the 
noise effect (as measured by о? and e) 
suggests that more control on attention 
may be achieved by the subjects under 


) 
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stimulus set than under response set 
conditions. In other words, preattentive 
mechanisms are much more effective for 
selection than is focal attention, although 
even the former is not a perfect device. 
Additional support is obtained from the 
analysis of errors in which the noise effect 
was highly significant for response set but 
not for the stimulus set condition. 

There are two disturbing results that 
were obtained in Experiment 2 and require 
additional explanation. The fact that re- 
action times under both stimulus and 
response conditions were fastest for the 
neutral noise background is somewhat 
surprising. Initially, it was expected that 
the best performance would be obtained 
in the compatible noise condition under 
the assumption that it will facilitate the 
response, since no response competition 
will be present; moreover, the correct 
response would be strengthened by the 
presence of additional characters from the 
same set (which are not present in the 
neutral condition). There must be, there- 
fore, an additional factor that further 
facilitated the response in the neutral 
condition, resulting in performance superior 
to that under compatible noise background. 
It should be noted that the two sets of 
targets used in the experiment were highly 
similar: It is very difficult to distinguish 
between an E and an F and an A and a К 
that share common features.’ It has been 
shown that the similarity of the target to 
the field has a marked influence on search 
rate, with search rate decreasing as simi- 
larity increases (Egeth, 1967; Neisser, 
1963, 1964). Estes (1972) provides com- 
pelling evidence for a major role of inter- 
character confusability. Because of the 
high similarity between the two target 
sets and the high confusability, additional 
time might be required for the response 
decision. However, the neutral set, which 
contained the letters O, U, G, and N, is 
easily distinguishable from the target let- 
ters. Thus, the neutral noise condition 
(under both stimulus and response set) 
had an additional stimulus set property, 
namely shape, which probably facilitated 


the process of directing attention to the 
target letter. 

An additional unexpected result was the 
inability to replicate the spatial arrange- 
ment effect obtained in Experiment 1. 
There are two plausible explanations to 
account for this discrepancy. First, in 
Experiment 2 there were always three 
letters (out of the eight possible) that 
were identical. For instance, in the response 
set — compatible noise condition, if the 
target was an F, the irrelevant group 
would contain three As; similarly, for the 
incompatible noise, the irrelevant group 
would contain three Fs. It is plausible to 
assume that the three identical letters 
were conspicuous enough and ‘‘standing 
out"—again, in a way they formed a 
stimulus set property—so that the spatial 
arrangement effect was abolished. Such 
an explanation is congruent with 
Fryklund's (1975) conclusion that the 
spatial arrangement per se is not the 
critical factor; rather, the arrangement 
seems to control the degree of interference 
from the similar background material. In 
other words, the spatial arrangement ef- 
fect might show under certain background 
conditions but not under others. 

The failure to obtain the spatial ar- 
rangement effect could also be explained 
by the different nature of the tasks that 
were used in the two experiments. Experi- 
ment 1 employed a partial report paradigm, 
while in Experiment 2 a search task was 
used. Without reviewing in detail the dif- 
ferent natures of the two tasks, it is 
plausible to assume that the demand for 
memory functions in a partial report 
paradigm is much larger than in the case 
of a detection task. Specifically, in Experi- 
ment 1 three characters had to be encoded 
and stored in short-term memory for later 
report, as opposed to a single letter that 
had to be detected in Experiment 2. One 
might speculate that the degree to which 
the spatial arrangement would affect per- 
formance depends on memory-demand 
characteristics. Although no experimental 


ë This is according to Gibson's (1969) chart of 
distinctive features for a set of graphemes. 
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evidence to support this hypothesis is 
available, it should be noted that Fryklund 
(1975), who investigated the spatial ar- 
rangement effect extensively, used only 
a partial report paradigm. 

To summarize, then, it was demon- 
strated in Experiment 2 that noise ma- 


terial impairs performance to а much 
larger extent under response set than 


under stimulus set conditions. Supposedly, 
if stimulus set conditions exist, the preat- 
tentive mechanisms are able to prevent 
detailed processing except for the target; 
under response set conditions, preattentive 
mechanisms are not operating, and the 
subject cannot avoid the processing of 
irrelevant material. 

It was suggested earlier that focal at- 
tention requires encoding of each stimulus 
(including irrelevant material), while pre- 
attentive mechanisms do not. Some sup- 
port for this hypothesis is provided by 
Dick (1969). He used a partial report 
procedure in which groups of subjects were 
asked to report elements of a set of stimuli 
according to one of three attributes: 
spatial location, color (both of which 
serve as stimulus set), and class (letters 
and numbers for response set). His results 
are congruent with those obtained in Ex- 
periment 1, namely, different loss of in- 
formation as a function of delay of in- 
struction. He explained the results for the 
stimulus set conditions by a failure to 
transfer some of the information from the 
sensory register to short-term memory. 
In other words, irrelevant information is 
not encoded under stimulus set conditions. 
Experiment 3 was conducted in order to 
further substantiate this conclusion in an 
incidental learning paradigm. 


EXPERIMENT 3 
Method 


Subjects. The subjects were 32 undergraduate 
students taking an introductory course in ба Ч 
chology at the University of Illinois. Participation 
partially fulfilled a course requirement. , 
_ General design. Subjects were i igned randomly 
into two equal groups, one serving in the response 
set and the other in the stimulus set condition The 
response set group was again divided into two. Half 
of the subjects were instructed to search for letters 
and detect whether the target D or H was present; 
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digits for this group were the irrelevant set. The 
other half was instructed to search for digits and 
detect whether the target 4 or 8 was present; 
letters for this group were the irrelevant set. The 
stimulus set group was also divided into two, half 
the subjects being instructed to search among black 
characters (ie., red being the irrelevant set), the 
other half searching among red characters (i.e. 
black serving as the irrelevant set). Zach subject, 
within these two stimulus set groups, was instructed 
to search for one, and only one, of the following 
targets: D, H, 4, or 8. This was done in order to 
equate the response and stimulus set conditions and 
make them comparable for the final analysis. 
Apparatus and stimuli. The same apparatus 
employed in Experiments 1 and 2 was used. Each 
stimulus display contained eight characters and 
was prepared as follows: For the response set group 
that was to identify letters, the letters NEG (the 
relevant set) and the digits 3529 (the irrelevant set) 
were mounted on white vinyl plastic cards. The 
seven characters were ordered on an imaginary 
circle with eight positions (one position always left 
open for the target), which encompassed 2° of 
visual angle. Four cards were prepared, all contain- 
ing the same seven characters and differing only 
in the order of the letters and the blank position 
left for the target (on two cards, letters and digits 
were mixed; on the other two, they were grouped). 
Another eight clear plastic cards, four of which 
contained the letter D and four of which contained 
the letter H, were prepared. Thus, any combination 
of a white and a clear card formed a stimulus, yield- 
ing eight possible different displays. Similarly, the 
backgrounds (ie. the white vinyl card) for the 
group that was to identify digits contained the 
digits 359 (the relevant set) and the letters NEGP 
(the irrelevant set). The cards for the four stimulus 
set groups were prepared in a similar fashion except 
that half the characters were red, the other half 
black. In addition, response sheets (identical for 
all conditions) were prepared. The digits 1, 2, 3, 5, 6, 
7, and 9 and the letters C, E, F, G, K, N, and 1 
were printed in two columns; the subject had Ed 
circle the seven field characters he rememberec 
appearing on the display. E 
Procedure. Subjects were told that they were 
going to participate in à visual perception experi 
ment in which their task on each trial would be to 
detect whether a D or an H (a 4 or an 8) appear? 
among the eight characters. In the response a 
condition, they were explicitly told to search among 
the letters fora D oran H (or among the digits 9r 
a 4 or an 8) and ignore the irrelevant set, that 7? 
the digits (letters). In the stimulus set condition 
they were told to search for a D or an Н (or for а 
4 or an 8) among the black (red) characters, E 
ignore the irrelevant set, that is, the red (bins A 
characters. Upon pressing the switch button, ae 
fixation field disappeared and was replaced БУ » 
blank field that lasted for 150 msec and was a 
lowed by the stimulus display, which stayed on 10) 
500 msec. After the termination of the trial, 
subject had to report whether a D or an H (a 
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an 8) was present. Subjects were forced to respond 
and were told to make their best guess in case they 
had not been able to detect the target. After the 
subject received the instructions and before he 
started the experimental trials, he was given three 
"dummy" trials in which the display contained 
eight 05 ordered in a circle in the same positions as 
the actual display. The purpose of this procedure 
was to introduce the subject to the pattern of the 
display and the exposure duration. The three 
dummy trials were followed by 20 experimental 
trials. Each of the eight possible displays appeared 
at least twice during the session, the order of presen- 
tation being random. The subject was given the re- 
sponse sheet immediately after the end of the last 
trial and. the experimenter read the following in- 
structions (which also appeared written on the 
response sheet): “Each display that you have seen 
contained a target and 7 other characters which 
were the same through all the presentations. Please 
indicate below (by circling the appropriate char- 
acters) which were the 7 additional characters ac- 
cording to the best of your memory." Subjects were 
required to circle seven characters and make their 
best guess in case they could not memorize all of 


them. 


Results 

The mean number of correct identifica- 
tions on the recall test was 3.875 (SD 
= .873) for the stimulus set group and 
4.688 (SD = 1.204) for the response set 
group (maximum possible correct responses 
being seven). As can be scen, the stimulus 
set group performance is almost on a 
chance level (3.5). A £ test indicated that 
the difference between the two groups was 
significant (p — .0368), and the estimated 
variance accounted for by this effect was 
w? = 10.5%. In order to reveal the source 
of difference between the two groups, an 
additional analysis was performed on the 
number of correct identifications from the 
irrelevant set. That is, for stimulus set, 
if the subject was instructed to search 
(red) characters, the number 
ntifications out of the four 
s—which composed 


among black 
of correct ide 
red (black) character 1 
the irrelevant set—was taken; for response 
set, if the subject was instructed to search 
for digits (letters), the number of letters 
(digits) correctly identified was taken. The 
mean number of correct identifications out 
of the irrelevant set was 1.625 (SD = 1.025) 
for stimulus set and 2.25 (SD = .683) for 
response set." The difference between the 
two groups was significant as indicated by 


a [ test (p < .05), and the estimated 
variance accounted for by this effect was 
8.9%. A similar analysis of the number of 
correct identifications from the relevant 
set indicated that the difference did not 
reach statistical significance (p — .48). 
The mean number of correct identifica- 
tions (out of three) was 2.25 (SD — .775) 
and 2.438 (SD = .727) for stimulus set 
and response set, respectively. 

Finally, an analysis was conducted on 
the number of errors committed during 
the 20 experimental trials previous to the 
recall test. Since the subjects did not have 
any practice trials, it is plausible to as- 
sume that at least the first few trials were 
serving as warm-up trials and probably 
inflated the variability. The mean number 
of errors for the response set group was 
3.75 (SD = 2.517) and 2.500 (SD = 1.897) 
for the stimulus set group. Although the 
difference between the two groups did not 
reach statistical significance (р = .0988), it 
was definitely in the expected direction. 


Discussion 

Several articles (Bobrow & Bower, 1969; 
Rosenberg & Schiller, 1971; Schulman, 
1971) support the general conclusion that 
memory performance is a positive function 
of the level of processing required by the 
orienting task (Craik & Lockhart, 1972). 
The fact that retention was indeed sig- 
nificantly better under response set con- 
dition supports the point of view taken 
in the present article, namely, that re- 
sponse set requires a more detailed and 
substantial processing compared with stim- 
ulus set. This conclusion is derived not 
only from the fact that retention under 


ë Notice that subjects in both the stimulus and 
response set conditions were informed that the 
display would contain both letters and digits but 
were not told that the number of letters and digits 
would be equal. Hence, no exact computations for 
chance is possible for the subanalyses, but only for 
the analyses of total errors. Since under both condi- 
tions most subjects immediately recognized 2 char- 
acters [rom the relevant set, they still had to indi- 
cate 5 characters out of 12. Although exact com- 
putations are not possible, it is clear that the number 
of correct identifications from the irrelevant set, if 
based on pure guessing, would be less than 2, 
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response set was superior to that under 
stimulus set conditions, but mainly from 
the fact that the major source of this 
difference lies in the retention of the ir- 
relevant set. Those results support also 
the suggestion that irrelevant stimuli 
might be encoded under response set but 
not under stimulus set conditions. Addi- 
tional evidence for the detailed processing 
under response set is derived from the 
rate of errors during the orienting task, 
which was larger for the response set 
condition. The lack of statistical signifi- 
cance can be explained by the small 
number of trials (20) and the fact that 
at least the first half of the trials served, 
in effect, as practice trials where guessing 
probably played a major role. 

Keren (in press) has replicated the 
results reported here in a more elaborated 
experiment that employed the same para- 
digm and manipulated, in addition, the 
spatial arrangement variable. As expected, 
the spatial arrangement affected the re- 
sponse set but not the stimulus set 
conditions. 


Additional Evidence for the Stimulus 
Response Set Distinction 


All three experiments, which were de- 
scribed above, converge on the same 
conclusion: Stimulus and response set 
situations should be treated differently. 
It should be emphasized again that in the 
present article, the distinction between 
stimulus-response set is treated as a clas- 
sification that is based on the nature of 
the stimulus material. It is assumed here 
that the organism is handling these two 
types of material in different ways based 
on their different nature and the different 
requirements they impose on the organism ; 
supposedly, the two kinds of stimulus 
material are controlled by different mecha- 
nisms and different processes. It was sug- 
gested that Neisser's (1967) approach is 
complementary to the stimulus-response 
set distinction, except that it is based on 
the organism's covert processes; thus, the 
two frameworks were combined here to 
form a theory of attentional processes. 
Crudely, response set material requires the 
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higher level processing of focal attention; 
it might be termed a Process of cognitive 
selection. Stimulus set material requires 
only a rough and general processing, which 
is performed by preattentive mechanisms. 
This kind of selection might be labeled 
sensory perceptual selection. In other words, 
stimulus set permits input selection; re- 
sponse set requires selection on the basis 
of information obtained from the per- 
ceptual mechanism. 

Although the present article deals 
primarily—on both the theoretical and 
empirical level—with visual selective at- 
tention, there is ample evidence to extend 
our theoretical framework to the auditory 
modality as well. Neither Broadbent (1970, 
1971) nor Neisser (1967) limited their ap- 
proach to the visual modality. Broadbent 
(1970) conducted an analogous experiment 
to the visual one described in the intro- 
duction, which was intended to demon- 
strate the same findings on the auditory 
system. For the response set condition, 
again digits and letters were used. A male 
and a female voice were used for the 
stimulus set condition. The results were 
similar to those obtained in the visual 
modality : There was a large and significant 
difference in performance between pre- and 
postinstruction for the stimulus set con- 
dition but not for the set 
condition. 2 

А recent article by Knight and Parkin- 
son (1975) provides additional SupPort for 
the distinction between stimulus and ү! 
sponse set in the auditory modality: n 
their experiments, subjects received di- 
chotic lists comprised of word-digit pairs 
with instructions to recall either DY spatia 
location (stimulus set) or by stimulus 
category (response set). Recall perform- 
ance varied as a function of stimulus СОП” 
dition, response set resulting in more ac- 
curate recall than stimulus set, as would 
be expected. This finding that category 
reporting (response set) is superior (0 
reporting by ear (stimulus set) is in acco" 
with results of previous investigation? 
(Katzin, Corballis, & Lockhart, 1972; 
Yntema & Trask, 1963), In addition t° 
these findings, Knight and Parkinson? 


response 
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studied the effect of a stimulus suffix (an 
additional acoustic element placed at the 
end of a stimulus list). They hypothesized 
that if indeed response set conditions re- 
quire a higher level of analysis, then 
stimulus suffix effects should be less pro- 
nounced with response than with stimulus 
set. In the present context, response set 
material that is handled by focal atten- 
tion is probably encoded and thus should 
be more resistant to external interference. 
Their results confirmed these expectations: 
Response set was shown to be less vul- 
nerable to interference from a stimulus 
suffix compared with stimulus set. To put 
it in a different way, selection with stimu- 
lus set material is based on information 
at a "precategorical" level (Crowder & 
Morton, 1969). 

On several occasions in the present 
article, it was argued that response set 
material—which supposedly is controlled 
by focal attention—requires a higher level 
of processing, that is, some kind of a 
cognitive activity. Most of the evidence 
for this assertion was implied indirectly 
from behavioral measures. There is, how- 
ever, some physiological evidence that 
bears on this point and further supports 
this conclusion. Picton and Hillyard (1974) 
and Hillyard, Hink, Schwent, and Picton 
(1973) have reported that their studies 
entailed different evoked potentials for 
stimulus and response set. Hillyard et al. 
(1973) used an auditory task and con- 
cluded that “stimulus set attention ap- 
pears to be reflected electrophysiologically 
in the enhanced Ni-P: response to all 
stimuli in the attended channel. Response- 
set attention is indexed by the generation 
of a Рз complex to the target signal" 
(p. 178). Picton and Hillyard (1974) have 
defined stimulus set attention as involving 
the selection of a particular input channel 
to be examined in preference to others. 
Response set, on the other hand, involves 
the comparison of inputs 1n attended 
channels to "memory" or "template" 
units in order to recognize a selected 
target signal that requires special response. 
"Though I do not completely agree with 
their definition, it is certainly congruent 


with the framework proposed in the 
present article.’ With respect to the 
evoked potential components Ni-P» and Ps, 
researchers have not reached complete 
agreement as to the appropriate inter- 
pretation of these components and their 
nature. However, it is generally agreed 
that the №, and P» components depend 
more on stimulus parameters, that is, 
physical features, and represent activity 
of sensory registers (Davis & Zerlin, 1966; 
Picton & Hillyard, 1974; Ruhm, 1971), 
while the Рз component represents higher 
processes of cognitive activity (Hillyard, 
1969; Picton, Hillyard, & Galamtes, 1973; 
Squires, Hillyard, & Lindsay, 1973; Sut- 
ton, Braren, Zubin, & John, 1967). 
Kahneman (1973) cited some physio- 
logical studies that support Neisser (1967), 
suggesting that “The distinction between 
preattentive and focal processes may be 
related to a distinction recently proposed 
between two functional visual systems: 
an orientation system concerned with the 
perception of space and with the detection 
of significant agents in the periphery of 
the field; and a central system concerned 
with fine discriminations" (p. 127). Physio- 
logical and comparative analyses of visual 
function in various animals provide much 
support for this distinction. Ingle (1967) 
studied motion detection by fish and re- 
vealed two separate processes that are 
hypothetically linked to different kinds of 
behavior. He concluded that “visual proc- 
esses subserving 'orientation' of the fish 
to a moving object should be clearly 
distinguished from processes by which the 
fish 'evaluates' the identity or activity of 
the object" (Ingle, 1967, p. 50). Schneider 
(1967) reports a study on the golden 
hamster in which he was able to disso- 
ciate, by means of brain lesions, between 
visually guided orientation (spatial local- 
ization) and visual discrimination func- 


? The objection to this description refers mainly 
to response set and, in particular, to the assumption 
that under response set a comparison is made to a 
template or a memory unit. It also overlooks the 
cognitive operation that has to be performed on the 
stimulus. 
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tions. Trevarthen (1968) conducted ех- 
periments with split-brain monkeys and 
suggested that vision of space and vision 
of object identity may be subserved by 
anatomically distinct brain mechanisms. 
He distinguished between two kinds of 
visual mechanisms: One class, which he 
labeled "ambient," supposedly determines 
space at large around the body, while the 
other, “focal,” examines detail in small 
areas of space. Finally, studies on kittens 
by Held (1968) also support the hy- 
pothesis that localization and discrimina- 
tion are controlled by different mechanisms. 
In summary, then, physiological research 
strongly supports and complements the 
behavioral research reported earlier. 


Theoretical and Methodological Implications 


Theoretical considerations. |t was already 
mentioned that Broadbent had to revise 
his original filter model (Broadbent, 1958), 
since it was not able to account for several 
phenomena. He accepted Treisman's (1960, 
1964) modification and complicated his 
earlier model by changing the selective 
filter from an all-or-none to an attenuation 
filter, In his last revision (Broadbent, 
1971), the model was further elaborated. 
He postulated three different kinds of 
selection. One, which he termed "'filtering," 
selects stimuli on the basis of some com- 
mon physical features that they possess. 
A typical case of filtering is listening to 
hear which words are said by a particular 
person's voice. The second kind of selec- 
tion, labeled "pigeon-holing," is based on 
the rule controlling the vocabulary from 
which the response will be chosen; for 
instance, listening to hear whether certain 
words are said, regardless of who says 
them. These two kinds of selection nage 
closely connected to stimulus and response 
set. According to Broadbent (1971), "Fil. 
tering or stimulus set is the selection of 
certain items for analysis and response, 
on the basis of some common character- 
istic possessed by the desired stimuli. 
Pigeon-holing or response set is the selec- 
tion of certain classes of response (category 
states) as having a high priority for oc- 
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currence even if the evidence in 
favor is not specially high" (p. 177).* 

The theoretical framework presented in 
this article differs in several respects from 
the one proposed by Broadbent (1971). 
A major source of these differences is that 
the present article makes an explicit dis- 
tinction between the stimulus-response set 
classification (which is based on stimulus 
material) and the preattentive-focal atten- 
tion classification (which is based on the 
nature of processes); Broadbent, on the 
other hand, never made an explicit dis- 
tinction between stimulus-response set and 
filtering versus pigeon-holing (as exempli- 
fied in the above quotation), thus con- 
fusing physical states of the world (stimu- 
lus material) and organismic processes. 
Indeed, it is not at all clear to what 
extent filtering and pigeon-holing repre- 
sent any processes, or whether they are 
just the final outcome of implicitly as- 
sumed operations. To put it differently, 
Broadbent's definitions are in terms of 
stimulus input and final response output, 
but he neglects the nature of the inter- 
vening processes between these two ob- 
servable stages. The present article treats 
attention as some independent internal 
mechanisms (see Kahneman, 1973) and 
tries to investigate the nature of these 
covert processes. 

There are several more specific dif- 
ferences between the two frameworks. 
According to Broadbent (1971), stimulus 
set is based on conspicuous physical fea- 
tures, and “Тһе advantage of stimulus set 
lies in the ease with which irrelevant items 
can be discarded" (p. 178). I do agree 
that under stimulus set conditions, physical 
features play a most important role. How- 
ever, stimulus set is not merely a quick 
scanning through the stimulus field, check- 
ing whether or not each item contains the 
specific feature. If this were the case, We 


their 


5 The third type of selection is termed by Broad- 
bent as “categorization,” and is, in certain respects, 
Just a special case of “pigeon-holing.” Broadbent § 
discussion (especially when he is dealing with 5t; 
ulus and response set) is limited only to "filtering 
and pigeon-holing, and thus 1 will not elaborate 
further on the third type of selection. 
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would still expect to obtain a spatial ar- 
rangement effect in the stimulus set con- 
dition in Experiment 1. It was shown 
there, that for the response set condition, 
accuracy of the partial report decreased 
if relevant and irrelevant stimuli were 
separated rather than grouped. This result 
suggests a scanning process that is probably 
serial in nature. The fact that the spatial 
effect was not obtained under stimulus set 
conditions was interpreted as excluding a 
scanning process and suggesting that the 
nature of this operation is rather parallel. 
Following Neisser (1967) we see preatten- 
tive mechanisms as serving functions of 
grouping and segregating, thus, organizing 
the perceptual field (in terms of figure— 
background). Though preattentive proc- 
esses certainly depend on physical features, 
it is not required that any single stimulus 
be “filtered” in Broadbent's terms. 

The disagreement between the present 
article and Broadbent's (1971) approach 
is even larger with respect to response set. 
First of all, the main emphasis in Broad- 
bent's definition of response set is that it 
limits the allowable vocabulary of response. 
This is true, though not necessarily ap- 
plicable to all response set situations. 
More important, however, it does not refer 
to the processes that underlie this type 
of selection. Pigeon-holing is defined in 
terms of the final criterion (i.e., to which 
category does the stimulus belong) but 
fails to illuminate the process itself. The 
present article explicitly assumes that re- 
sponse set material requires some additional 
cognitive processes. While in the case of 
stimulus set, preattentive mechanisms are 
operating on the raw input (in philo- 
sophical terminology, on "sense data"), 
response set requires some cognitive trans- 
formation to be performed on the raw 
material. As a consequence of this cogni- 
tive operation, it has been shown that 
irrelevant material might impair perform- 
ance under response set (see Experiment 2). 
Another consequence (demonstrated in Ex- 
periment 3) is that not all the irrelevant 
material is discarded under response set 
conditions. As a result of the necessarily 


detailed processing of the stimuli (in- 
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cluding the irrelevant ones), they are en- 
coded, and some irrelevant material is left 
in memory. The way Broadbent defines 
response set (and pigeon-holing) does not 
allow for predicting these results. Noise 
material should not affect the processing 
of relevant material, even if it is attenu- 
ated. Thus, pigeon-holing is perceived by 
Broadbent to some extent as a higher level 
filter, but no allowance is made for cog- 
nitive operations. 

That response set is indeed perceived 
by Broadbent merely as a higher level 
filter can be seen from the following 
example. He states that stimulus set situ- 
ations could vary in their case depending 
on the conspicuity of the physical features 
(a distinction made in the present frame- 
work). In a similar fashion he applies a 
similar distinction to response set: “Соп- 
versely, if the particular type face used 
for letters and digits is one which includes 
clear common features for one class then 
rejection of that class may be quick and 
easy. For example, in the following se- 
quence the digits are, on an ordinary 
typewriter, all larger in size than the 
letters: wer2tui3oas4zx15vnms6" (Broad- 
bent, 1971, p. 180). An alternative inter- 
pretation of this example is simply that 
stimulus set characteristics are sufficiently 
conspicuous to allow preattentive opera- 
tions and, thus, facilitate the focal atten- 
tion stage. It was emphasized that stimulus 
and response set, when applied to experi- 
mental situations would be considered on 
a relative scale, and that preattentive and 
focal processes are rather complementary. 
Broadbent's stimulus and response set (or 
alternatively, filtering and pigeon-holing) 
are operationally defined in terms of stimu- 
lus input and response output, ignoring 
intervening processes. As a consequence, 
the stimulus-response set dichotomy has 
the nature of all-or-none, and indeed 
Broadbent neglects to a great extent the 
aspect of relativity in the nature of the 
stimulus material and the complementary 
aspect of the underlying processes.? ч 


э Thus, Broadbent’s attempt to equate TSD 
sensory and decision factors with stimulus and 
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Other theoretical frameworks for per- 
ceptual attention have also failed to ac- 
count for the difference between the two 
kinds of stimulus material and the dif- 
ferent internal mechanisms that operate 
on them. Deutch and Deutch (1963), for 
example, postulated that “a message will 
reach the same perceptual and discrimi- 
natory mechanisms whether attention is 
paid to it or not; and such information 
is then grouped or segregated by these 
mechanisms" (p. 83). How such grouping 
or segregation takes place is not explained 
by Deutch and Deutch. Thus, they ignore 
the existence of preattentive mechanisms. 
Though they assume parallel processing at 
primary stages (and in this respect their 
model is congruent with the assumption 
that preattentive mechanisms are operating 
in parallel), they do not elaborate on 
processes that are operating at this stage. 
One of the salient features of their system 
is "that it assumes that all sensory mes- 
sages which impinge upon the organisms 
are perceptually analyzed at the highest 
level" (Deutch & Deutch, 1963, p. 85). 
Thus, they eliminate the possibility of 
selection based on a crude and nondetailed 
processing. They postulated a central 
structures system, which is somewhat simi- 
lar to Triesman's (1960) dictionary units; 
each central structure has a weighting of 
importance that reflects momentary inten- 
tions or enduring dispositions, and among 
concurrently active structures only the one 
with the highest weighting of importance 
will be selected to control processing and 
eventually a response. How the selection 
was made is not clear. On one hand, the 
theory does not specify any kind of mecha- 
nisms that will be able to make selection 
on a crude and rather superficial level 
On the other hand, the possibility of A 
detailed processing of all stimuli is also 
excluded, since they assert that "only the 
most important signals coming in will be 
acted on or remembered" (Deutch & 
Deutch, 1963, p. 84). 


response set conditions seem rather weak, since 
both sensory and decision factors will operate 
under either condition. 
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Kahneman (1973) also noticed the failure 
of the Deutch and Deutch model to ac- 
count for the organism's ability to deal 
with stimulus set situations. He argued 
that Deutch and Deutch “assumed a sys- 
tem that can be preset in advance to 
favor the recognition of certain stimuli, 
such as animal names. However such a 
system cannot be preset in advance to 
favor words that will be heard on the 
right ear, since it has no knowledge of 
what those words will be. It can only 
favor a right ear word after all concurrent 
stimuli have activated the central struc- 
tures to which they correspond. Thus, the 
process of selection by stimulus features 
appears to be more complex than selection 
by response class" (Kahneman, 1973, p. 
124). 

Kahneman (1973) has developed an ap- 
proach that assumes that effort is mobi- 
lized in response to the changing demands 
of the tasks in which one engages. Each 
task requires a standard allocation of et- 
fort, which if not received will cause de- 
terioration of performance. Without re- 
viewing this approach in detail, it is 
sufficient to say that the theory does not 
enable us to make differential predictions 
with respect to stimulus and response set 
tasks. The present article argued that 
stimulus and response set material are 
treated by different mechanisms that to 
a certain extent are independent. The 
assumption that effort can be mobilized 
from one task to the other, specifically 
that effort allocated to preattentive mecha- 
nisms and to focal attention is inter- 
changeable, is questionable. 

The present framework also suggests 4 
partial answer to two classic dilemmas 9 
attention that are closely related. One 15 
the question concerning the nature О 
processing: Is it serial or parallel ? The 
other is the question of capacity, which 
was raised in the Discussion section o 
Experiment 2. Briefly, it is proposed that 
stimulus set material that is handled by 
preattentive mechanisms can be processe 
in parallel and has no capacity limi 
Response set material requires à slow a? 
detailed processing by focal attention tha 
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is probably serial in nature and is bounded 
by capacity limits. However, most experi- 
mental situations are said to have both 
stimulus and response set characteristics, 
and the differences would only be relative, 
This implies that only in very few circum- 
stances of extreme stimulus set or response 
set situations can one decide whether the 
nature of processing is parallel or serial, 
respectively. The fact that most experi- 
mental tasks involve both stimulus and 
response set properties suggests a possible 
reason for the confusion and the con- 
tinuous controversy with respect to these 
two questions. The present framework 
permits the subject greater cognitive flexi- 
bility (Egeth, Atkinson, Gilmore, & Mar- 
cus, 1973), which is expressed through the 
assumptions that both preattentive and 
focal attention may operate at the same 
time and differ only in the salience of 
their functioning. 

Methodological implications. Broadbent 
(1970) concluded his original article on 
the distinction between the two types of 
stimulus material with a warning: “Ex- 
periments on selective attention ought 
therefore to distinguish sharply between 
selection by stimulus set and selection by 
response set" (p. 58). Indeed, major im- 
plications of his article were of a methodo- 
logical nature, warning of problems caused 
by confounding stimulus and response set 
situations. For instance, Broadbent re- 
viewed the literature on pre- and post- 
instruction and found that the relative 
absence of difference reported by Lawrence 
and Laberge (1956), Lawrence and Coles 
(1954), and Pollack (1960) was always 
associated with the use of response set. 
On the other hand, positive results reported 
by Broadbent (1952) and Swets and Sewell 
(1961) were associated with the use of 
Stimulus set. "m а 

A most important example 15 Sperling's 
(1960) influential monograph in which he 
introduced the partial report technique 
and demonstrated that more items are 
indeed available immediately after visual 
Stimulus presentation than can. be re- 
called, His stimuli were ordered in three 
lines (four letters in each), and the subject 
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was instructed (by different frequency 
tones) as to what line to report. Thus the 
instruction guided the subject as to the 
location of the letters to be reported—by 
the present definition this is clearly a 
stimulus set task. When Sperling attempted 
to replicate his results in a response set 
condition, by instructing the subject to 
report letters from a mixture of letters 
and digits, he failed; even with instruction 
before stimulation, performance was so 
bad that postinstruction was regarded as 
impractical. 

Posner and Mitchell (1967) provided a 
general experimental paradigm to observe 
depth of processing in simple classification 
tasks. In one of their experiments, sub- 
jects were briefly presented with letters on 
two-in-line displays. They were instructed 
to respond on each trial whether the letters 
were "same" or "different" and to press 
a lever accordingly. There were two levels 
of instruction: Under Level 1 (physical 
identity), subjects were instructed to clas- 
sify letters "same" only if they were 
physically identical. Under Level 2 (name 
identity), they were instructed to respond 
"same" whenever the two characters had 
the same name (like A or a) and “dif- 
ferent" if they did not. Posner and Mitchell 
have shown that reaction times (for both 
same and different) were significantly slower 
for name identity compared with physical 
identity. They concluded that each of the 
two instructions requires a different level 
of processing. In the terminology of the 
present article, physical identity would be 
labeled as stimulus set condition and name 
identity as response set (again, this de- 
scription is in relative rather than ab- 
solute terms). The former entails the use 
of preattentive mechanisms; the latter 
entails the use of focal attention. Posner 
and Mitchell also reported that within the 
name identity conditions, there were 
marked differences between the mean re- 
action time to respond "same" for the 
pair Cc and the mean reaction time to 
the pairs Aa, Bb, and Ee. According to 
the present theoretical framework, in the 
case of lower- and uppercase C, preatten- 
tive mechanisms can be employed (because 
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of the similarity of both characters, and 
thus the identity can be judged on the 
basis of global physical features) even if 
the initial instructions are of name iden- 
tity, which is response set in nature. An 
important implication of this result is that 
stimulus set is mainly determined by the 
nature of the environment of organismic 
factors like predispositions, expectations, 
and so on. 

Sternberg (Note 2) developed a quanti- 
tative model of the search process, which 
assumed the same mechanism for both the 
visual search and item recognition tasks. 
The model is based on a serial comparison 
process with an exhaustive memory scan 
coupled with a self-terminating visual scan. 
Each item in the visual display is ex- 
haustively compared, in turn, with the 
items in the memory set. The model pre- 
dicts that reaction time in these tasks is 
an increasing linear function of the number 
of items in the display. Though not men- 
tioned by Sternberg, the model is clearly 
restricted to response set conditions. Ca- 
vanagh and Chase (1971) have erroneously 
used a Sternberg-type paradigm to com- 
pare Sternberg's model and Neisser's pre- 
attentive mechanisms. They concluded that 
“А comparison of a forced choice visual 
search task, with an item recognition task 
did not support Neisser's (1967) hypothesis 
of a preattentive stage that processes 
targets and nontargets differentially" (Ca- 
vanagh & Chase, 1971, p. 493). A close 
look reveals, however, that response set 
rather than a stimulus set situation was 
investigated in this study. There were no 
external physical features on which pre- 
attentive mechanisms could operate; in 
addition, the size of a memorized set of 
possible targets was a main factor ma- 
nipulated in the experiment, which is 
another indication that the experimental 
paradigm used was inappropriate to study 
preattentive mechanisms. On the other 
hand, the work of Beck (Beck, 1972; Beck 
& Ambler, 1972), who was careful to select 
only stimulus set conditions, strongly sup- 
ports the notion of preattentive mecha- 
nisms (see also Kahneman, 1973). 

À complete review of the relevant litera- 
ture and the methodological implications 
suggested by the theoretical framework 
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that was proposed here, is beyond the 
scope of this article. The few examples 
that were reviewed suffice to support the 
final conclusion: Experimenters should 
sharply distinguish between stimulus and 
response set situations and should be 
aware of any confounding of these two 
conditions. Overlooking the response-stim- 
ulus set classification will result in further 
confusion and erroneous conclusions. In 
this respect, the present framework adopts 
a Brunswikian point of view (see Ham- 
mond, 1966), which argues that a necessary 
prerequisite for any psychological research 
is to study and understand the nature of 
the environment with which the organism 
interacts. 
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Adequate and Inadequate Stimulus Information: Comments on 
“соте Considerations of Two Alleged Kinds of 


Selective 
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In this commentary 1 want especially to 
discuss the rationale behind the bejorc-after 
experimental paradigm used by Keren 
(1976) in his Experiment 1. In this para- 
digm, a larger number of stimuli is pre- 
sented than the subject must report on ; this 
larger set of stimuli is shortened to à smaller 
subset by instructing the subject as to what 
the smaller set of stimuli is to which he is 
to respond. This instruction may be given 


before or after the actual presentation of the 


full set of stimuli. 
Following Broadbent (1970), Keren re- 


fers to two kinds of instruction: In one in- 
struction (producing stimulus set), the sub- 
set is specified by naming some stimulus 
characteristic, such as red or black; in the 
other instruction (producing response set). 
the subset is specified by some characteristic 
that is not readily identified as a simple 
stimulus property, such as requiring report 
of numerals or letters. Both Keren and 
Broadbent (and many other writers on this 
topic as well) have been aware that there is 
no possible way of specifying a class of re- 
sponses in which there are, in fact, no stim- 
ulus differences between the stimuli to be 
responded to and those to be ignored, It is 
this point I want to emphasize as well as to 
show that by making some stronger assump- 
tions, the beforc-ajter experimental para- 
digm can be used to ask questions. about 
stimulus properties and their psychological 


utility. Р | 
The assumption that some instructions 
produce only response set is a definition by 
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default; it is asserting that if there is no 
usable stimulus information contained in the 
instructions, then the instructions are pro- 
ducing only a limitation of responses rather 
than an input limitation. In other words, 
stimulus set (to quote Broadbent, 1970, р. 
54) “would make it helpful to reject irrel- 
evant stimuli at the time of arrival,” while 
response set would not. It is this assumption 
that leads to the prediction of a large before- 
after difference with stimulus set and a low 
or zero difference with response set. But this 
is really a prediction, in positive form, only 
about the usefulness of stimulus properties 
and makes no positive prediction about the 
usefulness of response instructions at all. 
This whole approach is simply asserting that 
useless because 
information. 
question is 
gives ade- 


response instructions are 
they give no useful stimulus 
Thus, the true experimental 
whether a particular instruction 
quate or inadequate stimulus information. 
not whether it gives stimulus or response 
information. 

But if this is so, then much stronger pre- 
dictions can be made than usually are. Table 
1 shows an idealized set of data (with num- 
bers in the range of those found by Keren 
in his Experiment 1). These numbers are 
completely consistent with (a) the idea that 
the difference between the two types of in- 
struction is related to the adequacy of the 
stimulus information contained in the in- 
structions and (b) with Broadbent's as- 
sumption that the utility of the instructions 
lies in their ability to allow rejection of 
irrelevant stimuli at the time of input. Table 
1 predicts, as did Keren, that there should 


be a difference in performance in the before— 


after comparison for adequate stimulus in- 
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TABLE 1 


Ах InEALIZED SET or PERCENT Correct DATA ron 
THE BEFORE-AFTER EXPERIMENT 


Type of stimulus information 


Instruction Adequate — Inadequate 
Before 80 10 


After 


40 40 


formation and no difference for inadequate 
stimulus information; it also makes the pre- 
diction that there should be no difference in 
performance between adequate and inade- 
quate stimulus information in the after con- 
dition. 

Now consider Table 2, which shows 
Keren’s data (rounded off) for the sepa- 
rated stimuli (i.e., stimuli of the same stim- 
ulus or response set that are not adjacent 
in the stimulus display). In contrast to Ta- 
ble 1, how should these data be interpreted? 
To me, the answer is that the intended ade- 
quate stimulus information clearly was ade- 
quate, giving much better performance in the 
before than in the after condition, Thus we 
know that the specification of color is indeed 
a provision of adequate stimulus informa- 
tion. But what about the intended inade- 
quate stimulus information? It clearly was 
less adequate than the intended adequate in- 
formation, but it was far from inadequate. 
It is obvious from these results, then, that 
specification of numerals rather than letters 
(or vice versa) is an instruction that pro- 
vides stimulus information, although less 
than is provided by specification of the color 
of the stimuli, This is not a conclusion that 
should be surprising: The letters used in 
Keren’s Experiment 1 were the capitals A, 
F, K, and N; the numerals were 2, 4, 5, and 
8. All of the letters have only straight lines, 
while three of the four numerals have curved 
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TABI 


5 DATA FOR 
ELEMENTS IN E) 


RATED STIMULUS 
PERIMENT 1 
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lines. Thus, there is indeed a great deal of 
stimulus information in this so-called re- 
sponse set, but the information is less useful 
than that in the color difference between red 
and black. 

Now we can ask an additional question, 
namely, whether information in the stimuli 
that is redundant to that specified in the in- 
structions (although not itself specified in 
the instructions) can be used. The redun- 
dant information is spatial, all stimuli of the 
correct class being adjacent. Table 3 shows 
Keren's data for adjacent stimuli in Experi- 
ment 1 (also rounded off). What conclu- 
sions can be drawn from these data? 

First, consider performance when the in- 
structions are given before. Redundant spa- 
tial adjacency adds little to the effectiveness 
of the intended adequate stimulus informa- 
ton, since performance rises only from 7896 
to 85%. However, it adds a great deal to the 
intended inadequate stimulus information, 
raising performance from 67% to 82%, a 
performance that is not significantly differ- 
ent from that with the adequate stimulus 
information. Thus the redundant informa- 
tion is useful, but primarily when the need 
for it is great, as with the inadequate stim- 
ulus information—not a truly new conclu- 
sion as a general principle, but a new one 
with regard to these particular stimulus 
properties. When the instructions are given 
afterwards, performance rises for both ade- 
quate and inadequate stimulus information 
conditions, suggesting that even in the after 
condition additional stimulus information 
can provide some facilitation. 

Altogether, these results suggest that it 
would be profitable to change the problem 
from one of asking about stimulus versu? 
response to asking about the adequacy a 
different stimulus properties. The tempta- 


TABLE 3 


Instruction Adequate Inadequate 
Before 78 67 


After 


36 43 


Type of stimulus information 
ке  ————— 


Instruction Adequate Inadequate 
a ET 2 
Веѓоге 85 82 
47 57 


After 
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tion to quote myself from some years back 
is too great to resist: In 1962 while discuss- 
ing this very problem, I said, “However, to 
really find out about the nature of this per- 
ceptual effect, we will have to do experi- 
ments which intentionally control the nature 
of the restriction, not just the amount" 
(Garner, 1962, p. 50). And later (pp. 132- 
134), I suggested that multidimensional 
stimulus differences between the appropriate 
and the inappropriate stimulus subsets would 
be less valuable than single-dimensional dif- 
ferences. Certainly color differences are uni- 
dimensional, although the difference between 
letters and numerals is multidimensional. 
Thus the experimental result obtained by 
Keren allows the conclusion that single-di- 
mensional differences are more effective than 
multidimensional differences, providing, in 
other words, more adequate stimulus infor- 


mation. 
What About Response Information? 


If pure response sets cannot be provided 
because there is always confounded stimulus 
differentiation, is it impossible ever to ask 
questions about the effectiveness of response 
information? In a strict logical sense, the 
answer has to be that it is not. But as a 
practical matter, and with a sufficient num- 
ber of converging experiments, certainly 
questions can be asked about the adequacy 
of response information. While I do not 
want to address this large problem here, 
there is one point that is rather necessary 
to raise because of the assumption made in 
the ideal case portrayed in Table 1. That 
assumption is that response information 
given in advance is not useful information 
because it fails to allow stimulus selection. 
In fact, the entire rationale behind Keren’s 
Experiment 1 is that there should be no 
before-after difference with what he calls 
response set and what I have called inadc- 


quate stimulus information. 
Is the assumption that advance response 


information is not more valuable than post 
response information valid? The data pre- 
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sented here suggest that if stimulus informa- 
tion were inadequate enough, then response 
information given either before or after 
would provide no better performance than 
stimulus information given after. However, 
it might be well to note that the response 
information given restricts the number of 
responses to four, and it might be that fur- 
ther restriction would show an advantage to 
advance information. 

A reason for suggesting this possibility 
lies in some preliminary and unpublished 
results of Donna Sutliff's (Note 1) doctoral 
dissertation research at Yale University. 
She uses a probabilistic cue in advance of 
a single-stimulus presentation, the stimuli 
being either good or poor patterns. The cue 
can be for pattern goodness, itself, or for 
one of the two permissible responses. The 
cue is given 1 sec in advance of the stim- 
ulus; with this much time, response cuing 
appears to be just as effective as stimulus 
cuing. There are no before-after compar- 
isons in her experiments, but her data do 
suggest that response cuing in advance can 
be valuable. So the assumption that advance 
response information is not valuable may be 
weak, or at least greatly limited by the num- 
ber of responses that are possible after re- 
sponse information is given. 


REFERENCE NOTE 


1. Sutliff, D. The effects of pattern goodness on 
automatic and strategy-dependent processes. 
Doctoral dissertation in preparation, Yale Uni- 
versity, 1976. 
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SUMMARY 


Do true qualitative differences exist between the processing of pictorial and 
linguistic materials or are the differences simply a matter of degree? The dual code 
hypothesis (Paivio, 1971) assumes the existence of verbal and imaginal coding sys- 
tems. The former is specialized for the coding of linguistic and sequential informa- 
tion, while the latter is specialized for pictorial and spatial information processing ; 
it is also most durable. Alternatively, Anderson and Bower (1973) postulate a 
unitary processing system where all information enters a conceptual data base. 
While the unitary model appears to predict only quantitative performance differ- 
ences, the dual code hypothesis predicts both qualitative and quantitative effects. 

Because both models predict quantitative differences, such effects are not sufficient 
to distinguish between the two models. Furthermore, quantitative effects, as investi- 
gated most often, are difficult to interpret, since it is virtually impossible to equate 
words and pictures on most psychological dimensions. That is, picture superiority 
effects are ambiguous simply because the level of interitem similarity across form 
classes has not been equated. Consideration of these difficulties led to the conclusion 
that direct comparisons of performance on pictures and words should not be attempted 
at this time. Rather, the pattern of results within form classes should be compared. 
If qualitative differences exist, the patterns across conditions should be different 
for the two types of materials; if only quantitative effects exist, the trends should 
be similar. Experiments using variants of this paradigm point to the potential exist- 
ence of both qualitative and quantitative differences in the processing and retention 
of pictorial and linguistic materials. | | "m 

The present experiments investigate the retention ot temporal and spatial 5 mtg 
tures as a function of form class. The dual code hypothesis predicts that, with 
words, temporal structures should be retained better than spatial structures; with 
pictures, the reverse should hold. The unitary model predicts similar trends for the 
two form classes. A series of experiments demonstrate that(a) temporal and spatial 
structures may be coded independently of one another, (b) linguistic materials lead 
to temporal superiority whereas pictorial forms give rise to temporal/spatial 
equality, (c) imposed encoding strategies do not influence the above patterns, 
and (d) imaginal processing does not necessarily lead to superior retention. These 
findings support the basic spirit, though not all of the particulars, of the dual code 


hypothesis and raise several questions concerning the nature of temporal and spatial 
structures, 
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In recent years many studies have been 
performed with the intention of comparing 
the processing of linguistic events with the 
processing of pictorial events. The objective 
of these comparisons has been to determine 
whether the processes operating on the two 
form classes of stimuli are similar to or are 
different from one another. Two theoretical 
stances are prominent today. Paivio (1971) 
has been the leading proponent of the dual 
coding hypothesis, which assumes two distinct 
yet richly interconnected encoding systems. 
The verbal system is said to be characterized 
by a propensity for serial processing and the 
encoding of sequential information. The 
imaginal system is specialized for the proc- 
cessing and representation of spatial infor- 
mation. Typically, linguistic stimuli would 
be subject to verbal encoding processes 
though if the items are concrete, and/or if 
the situation warrants it, imaginal processes 
may be engaged. On the other hand, while 
pictorial stimuli are always subject to imag- 
inal processing, verbal processing may also 
occur, particularly when the pictures are 
readily named, Hence, the internal memory 
representations of the various form classes 
may range from predominately verbal to 
predominately imaginal. Furthermore, since 
imaginal coding is presumed to result in a 
more durable memory representation than 
verbal coding, any situation that leads to ex- 
tensive use of imaginal processing should 
lead to superior retention (Paivio & Csapo, 


1973). 
Several other theorists (Anderson & 
Bower, 1973; Chase & Clark, 1972; 


Pylyshyn, 1973) have argued for a unitary 
form of representation. Regardless of form 


This research was conducted while the author 
was a postdoctoral fellow with B. p. Murdock, Jr. 
and was supported by Research Grant APA 146 
from the National Research Council of Canada to 
B. B. Murdock, Jr. The author wishes to thank 
Janice Li and Elaine Ho for their assistance in the 
collection and analysis of the data. Thanks are also 
due to my two reviewers, whose well-considered 
comments led to many improvements in the manu- 
Script, | _ 

г ИА for reprints should be sent to Rita Е 
Anderson, who is now at the Department of Psy- 
chology, Memorial University of Newfoundland, 
St. John’s, Newfoundland, Canada, AIC 557. 


PICTURES AND WORDS 379 
class, they suggest that all information is 
interpreted into a single conceptual-proposi- 
tional data base. In this view, differences in 
the encoding of pictures and words arise 
because the representation of pictures is 
potentially richer in detail than the represen- 
tation for words. The unitary theorists have 
had little to say about the initial processing 
routines applied to pictures and words, 
though one might expect some differences 
to exist. However, the essential point is that 
while the dual code hypothesis predicts 
qualitative as well as quantitative differences 
in the internal representations, the unitary 
theorists predict primarily quantitative dif- 
ferences. 

The research reported here sought first 
to distinguish between these two theoretical 
stances by using tasks that, according to the 
dual code hypothesis, ought to demonstrate 
specific qualitative differences in the proc- 
essing and, hence, retention of words and 
pictures. A second purpose was to point out 
some of the difficulties involved in making 
valid picture/word comparisons and to sug- 
gest some methodological strategies that 
may overcome some of these difficulties. To 
that end, a selective review of the existing 
literature follows, along with methodological 
commentary, 

The purported superior recall and recog- 
nition of pictorial materials (Dallett & Wil- 
cox, 1968; Shepard, 1967; Standing, Con- 
ezio, & Haber, 1970) and the positive effects 
of the use of imagery strategies (cf. Paivio, 
1971) have been used to support the dual 
code hypothesis. Yet, these effects are purely 
quantitative and could be equally well ex- 
plained by unitary theories. It should also 
be noted that recognition levels can be re- 
duced dramatically simply by increasing 
interitem similarity (Goldstein & Chance, 
1970). Indeed, until performance on sets of 
equally complex and discriminable pictorial 
and linguistic forms is compared, little can 
be said concerning the superiority of pic- 
ture recognition. 

However, until much more is known 
about the critical aspects of pictures, it is 
impossible to equate pictures and words such 
that possible sources of confounding are 
eliminated. For example, Wells (1972) at- 
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tempted to equate pictures and words by 
decomposing a simple picture into its com- 
ponent parts. While performance differences 
were found in her experiments, interpreta- 
tion of those differences is difficult, for it is 
not clear that the decomposition process 
achieved its purpose. That is, decomposition 
may have produced equivalent stimuli in 
some sense, or it may have "destroyed" the 
essence of the picture, or it may have in- 
troduced some unknown type of confound- 
ing. In general, our problem is that we 
don't know enough about pictures per se. 
Given our current state of ignorance, it 
may be that a direct comparison of perform- 
ance on pictures and words is not warranted. 
It is not only difficult to interpret the out- 
come of such direct comparisons, but the 
interpretation typically does little to further 
our understanding of the operations in- 
volved in the processing and retention of 
such stimuli. That is, very little information 
concerning potential qualitative effects is 
revealed by such comparisons. An alternative 
technique might be one in which trends 
within the form classes are compared. lí 
true qualitative differences do exist, it should 
be possible to find two conditions, A and D, 
where memory performance on words is 
better in Condition A than in Condition В. 
For pictures, another pattern should be ob- 
served. Assume, for example, that Condi- 
tions A and B have been found that produce 
a complete crossover interaction. between 
form class and the conditions, with a main 
effect of pictorial superiority. Does this pat- 
tern of results guarantee that qualitative dif- 
ferences are being tapped? Not absolutely, 
for one could interpret the trends in terms 
of differential processing efficiency. How- 
ever, the onus would be on the quantitative 
theorist to explain why processing efficiency 
should vary across the various conditions as 
a function “of form class. Note also that the 
presence of a quantitative word/picture main 
effect would influence interpretation only if 
it produced potential floor or p oe 
Thus, the primary advantage of this ap- 
proach is that qualitative differences me 
pictures and words can be investigated жо 
tively independently of quantitative differ- 
ences in base performance levels. 


RITA Е. ANDERSON 


Experiments utilizing the above approach 
fall into three main classes dealing with (a) 
the effects of variation of rehearsal time on 
retention, (b) selective interference of verbal 
and pictorial codes, and (c) lateralization 
of verbal and nonverbal functions. In the re- 
hearsal experiments, Conditions A and B 
would refer to more or less rehearsal time. 
Typically, retention of linguistic material in- 
creases systematically with increased re- 
hearsal time. For pictorial materials, the 
trend is uncertain. Hintzman and Rogers 
(1973), Shaffer and Shiffrin (1972), and 
Potter and Levy (1969) were uniformly 
unsuccessful in demonstrating rehearsal eí- 
fects beyond one item. On the other hand, 
Tversky and Sherman (1975) and Weaver 
(1974) did find evidence indicating that 
retention of pictorial materials improved as 
a function of increased rehearsal time. Be- 
cause the experimental procedures and ma- 
terials were quite different across these five 
studies, it is difficult to specify the necessary 
conditions that lead to different rehearsal 
capabilities for words and pictures. Though 
suggestive that some processing differences 
may exist between pictures and words, the 
rehearsal experiments thus far remain mute 
as to the nature of these differences. 

dn the case of selective interference para- 
digms, Conditions A and B refer to differ- 
ent types of distracting tasks. For example, 
Pellegrino, Siegel, and Dhawan (1975) 
compared the short-term retention of words 
and pictures following either an auditory— 
verbal task, a visual nonverbal task, or both. 
The auditory task selectively interfered with 
word retention, while the auditory-plus- 
visual task selectively interfered with picture 
retention. No selective interference effects 
were noted following the visual task. These 
results seem to suggest that under recall in- 
structions, at least, pictorial materials are 
encoded into both verbal and imaginal 
stores, whereas linguistic materials are en- 
coded primarily into a verbal store. Several 
other experimenters have demonstrated 
selective interference of either verbal item or 
spatial information, depending upon the 
nature of the intervening task (den Heyer 
& Barrett, 1971; Meudell, 1972; Salthouse. 
1975). While these selective interference 
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experiments suggest that qualitative dif- 
ferences in the processing and retention of 
pictorial (spatial) and linguistic materials 
do exist, the specific nature of these differ- 
ences has not yet been revealed. 

In the lateralization of function research, 
Conditions A and B refer to the presentation 
of material to the right or left hemispheres. 
Although hemispheric lateralization of lin- 
guistic and nonlinguistic functions has been 
well documented in pathological cases (Gaz- 
zaniga & Sperry, 1967; Milner, 1971), the 
effects are frequently small, sometimes diffi- 
cult to reproduce, and often quite complex 
when intact individuals are tested (Broad- 
bent, 1974). Concerning other pathologies, 
verbal aphasias and agnosias are frequently 
that—verbal. Nonlinguistic processes seem 
to function quite well. On the other hand, 
there are three reported cases of visual 
agnosia where the patient can read, but has 
difficulty identifying objects and complex 
visual arrays other than the printed word 
(Geshwind, 1969). For a detailed case study 
of one such individual, see Taylor and War- 
rington (1971). Again, these results and 
observations lend credence to the notion that 
qualitative differences exist. They also hint 
at the potential level of complexity of these 
differences. 

As noted before, while much of the re- 
search supports a qualitative model in gen- 
eral, little is known about the specific quali- 
tative differences. The present experiments 
attempted to document one possible differ- 
ence: the efficiency in the processing and 
retention of temporal and spatial informa- 
tion. If, as the dual code hypothesis sug- 
gests, the verbal code is especially sensitive 
to sequential order and the imaginal code is 
specialized for representing spatial relations, 
then memory for temporal order and spatial 
position should vary according to the type 
of stimuli used. That is, for words, memory 
for temporal order should be superior to 
memory for spatial position; for pictures, 
the reverse should be true. While inspection 
of a picture proceeds ina serial fashion 
(fixation by fixation), the relationships that 
are perceived and retained are spatial-struc- 
tural ones. Hence, the processing and reten- 
tion of spatial relations is likely to be more 
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salient than the processing and retention of 
temporal order of input. On the other hand, 
processing of linguistic structures (e.g., read- 
ing, speaking, and hearing) seems to be 
quite dependent upon the sequential proper- 
ties of the stimuli (regarding the effects of 
letter-transition probabilities in word recog- 
nition and the effects of syntax on compre- 
hension and retention, cf. Neisser, 1967; 
Paivio, 1971). Thus, for linguistic stimuli, 
the processing and retention of sequential 
information may be most salient. 

Before considering evidence for the hy- 
pothesis, the relationship between temporal 
and spatial structures should be considered. 
Whether spatial information is independent 
of (Mandler & Anderson, 1971) or derived 
from (Murdock, 1969) temporal structures 
is unclear. Mandler and Anderson were able 
to obtain estimates of performance when 
only temporal or spatial cues were used in 
recall. The joint action of these cues, assum- 
ing independence, closely predicted recall 
performance on structures where temporal 
and spatial cues were perfectly correlated. 
The authors suggest that “55 may use tem- 
poral and spatial structures as independent 
and additive retrieval cues” (Mandler & 
‘Anderson, 1971, p. 128). Murdock, on the 
other hand, analyzed the distribution of the 
magnitude of errors. He found that the error 
gradients for spatial recall were flat, whereas 
for temporal recall, proportionally more er- 
rors were of small magnitude than of large 
magnitude. From this evidence, Murdock 
(1969) suggested that "spatial information 
is extracted through a temporally mediated 
reconstruction” (p. 383). The present Ex- 
periment 1 was designed so that both types 
of analyses could be performed in an attempt 
to resolve these conflicts. 

Keeping in mind the ambiguity of the 
nature of temporal and spatial structures, 
let us review the existing evidence that bears 
on the relationship between words and pic- 
tures and between temporal and spatial 
structures. Paivio and Csapo (1969, 1971) 
have shown that the reproduction accuracy 
of the sequential (temporal) order of input 
was better for words than for pictures when 
stimuli were presented at a rate sufficiently 
fast to prevent implicit naming of the pic- 
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tures (5.3 items/sec). At slower rates, re- 
production accuracy was superior for pic- 
tures. However, in Paivio and Csapo’s ex- 
periments, accuracy levels in the former con- 
dition were precariously close to chance 
levels, and it is quite possible that the de- 
manding input conditions resulted in peculiar 
processing strategies. Superior discrimina- 
tion of relative recency was found with 
pictorial materials by Fozard (1970), lead- 
ing him to suggest that temporal tagging was 
most efficient when pictorial materials were 
used. Rothkopf (1971) tested incidental 
memory for the location of information 
within and across pages of a 3,000-word 
text and found greater than chance accuracy. 
Under both intentional and incidental test- 
ing, Schulman (1973) demonstrated that the 
location of a printed word was recognized 
between 30% and 35% of the time (chance 
= 25%). Mandler and Stein (1974) and 
Mandler and Parker (1976) found that 
spatial relations were retained extremely well 
when organized pictures were used, whether 
tested by recognition or reproduction. Via 
extrapolation, the above studies suggest that 
both temporal and spatial retention may be 
highest for pictorial materials. However, 
this apparent superiority may simply be an- 
other case of “pictorial superiority" in gen- 
eral and, as such, is subject to criticisms 
previously brought to bear on the making 
of direct comparisons between pictures and 
words. 

Using only linguistic stimuli, Mandler 
and Anderson (1971) demonstrated that in- 
formation concerning temporal structures 
was retained better than information about 
spatial structures under a variety of condi- 
tions. When Healy (1975b) used a proce- 
dure similar to that used by Mandler and 
Anderson, temporal superiority was observed 
when the stimuli were consonant strings; 
modifications of the procedure (to be dis- 
cussed later) led to temporal/spatial equality 
(Healy, 1975a). Evidence related to tem- 
poral/spatial patterns observed with pie 
torial-imaginal stimuli is very indirect or 
contradictory. Error data suggest that the 
deaf have a tendency to use a visual-kines- 
thetic code (Bellugi & Siple, 1973). Experi- 
ments by O'Connor and Hermelin (1973) 
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and Hermelin and O'Connor (1973) demon- 
strated that an ambiguous display tends to 
be encoded spatially by deaf children, 
whereas the same displays are almost always 
encoded temporally by hearing children. qi 
the hypothesized visual code of the deaf is 
related to the imaginal code proposed bv 
Paivio (1971), it may be reasonable to ex- 
pect that the hearing subject would be most 
sensitive to spatial information when the 
imaginal system is activated by the use of 
pictorial materials. 

Only one experiment has been reported 
that compared the retention of temporal and 
spatial information as a function of the type 
of stimuli. The results were contrary to both 
the predictions of the dual code hypothesis 
and the evidence advanced above. Snodgrass 
and Antone (1974) found that the spatial 
relationship between pairs of items was 
recognized better than the temporal sequenc- 
ing of the pair members. This effect was 
found for both words and pictures, and 
there was no hint of an interaction. Such 
results are clearly supportive of a unitarv 
model that predicts only quantitative effects. 


Overview of the Experiments 


All experiments were variations on the 
basic methodology reported by Mandler and 
Anderson (1971). Eight items were pre- 
sented one-by-one in a horizontal array. 
"Typically, temporal order of presentation 
was uncorrelated with the spatial position of 
the items. Following a single presentation, 
the person attempted to reproduce either the 
temporal or spatial structure of that trial. 
Each person received an equal number of 
temporal and spatial reconstruction trials in 
a single session. In various experiments, 
stimuli were common nouns, line drawings of 
common objects, or line drawings of com- 
plex three-dimensional geometric figures. 

To eliminate the necessity for verbal en- 
coding, a reproduction task was used. This 
task was completely self-paced, and people 
were free to rearrange items until they were 
satisfied with the resultant ordering. Thus. 
testing conditions allowed people to utilize 
all information at their disposal to create a 
correct ordering. 

The presentation rate of the items was 
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relatively slow (1.5 sec/item with a .7-sec 
interstimulus interval). Pilot investigations 
revealed that this rate resulted in accuracy 
levels that were unconfounded by either floor 
or ceiling effects. At such a slow rate, pic- 
_tures (especially those of common objects) 
‘could easily be named. While it would be 
advantageous to eliminate this possibility, 
the problems posed by using very fast pres- 
entation rates were deemed more serious 
than the naming problem. Various attempts 
were made to control for naming strategies, 
as will be explained later. 


EXPERIMENT 1 


Experiment 1 considered two issues. First, 
it sought to determine whether temporal and 
spatial structures are independent of one 
another, and whether this relationship varies 
as a function of the form class of the stimuli. 
For words, the existing evidence is contra- 
dictory; for pictures, no data exist. The 
three most logical possibilities are that: (a) 
the structures are independent for both 
form classes; (b) spatial structures are 
derived from temporal structurés for words, 
and temporal structures are derived from 
spatial structures for pictures; or (c) spatial 
structures are derived from temporal struc- 
tures for both types of stimuli. Independence 
of the two structures seems most likely, as it 
appears that people can remember the when 
and not the where (or vice versa) of events 
in many modalities. The second possibility 
would support the dual code theory, whereas 
the third possibility would render this para- 
digm useless in the search for qualitative 
differences in the representations of words 
and pictures. 

The second issue, of course, concerned 
ure of the relationship between mem- 
ructures and the form class 
According to the dual code 
hypothesis, memory for temporal structures 
should be superior to memory for spatial 
structures when the stimuli are words and 
vice versa when the stimuli are pictures. 
Quantitative theorists would predict the 
same pattern of results for both form classes; 
from the Snodgrass and Antone (1974) 
data, spatial superiority should be observed 


for both types of stimuli. 
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Stimuli were either common nouns or line 
drawings of common objects. To encourage 
the use of one encoding strategy, hopefully 
appropriate to the stimulus, this was a be- 
tween-subjects factor. Temporal order of 
presentation was either correlated or uncor- 
related with the spatial position of the items. 
Thus, there were three types of reconstruc- 
tion task: temporal, spatial, and a one-to-one 
task, where temporal and spatial structures 
were identical. To control for the effects of 
individual differences, type of task was a 
within-subjects factor. The inclusion of the 
one-to-one task allowed a test of the sug- 
gestion that temporal and spatial cues func- 
tion as independent and additive components 
in a serial task. That analysis, together with 
an analysis of the distribution of the mag- 
nitude of errors, was used to assess the 
nature of the relationship between temporal 
and spatial structures. Another variable in- 
vestigated was the effect of cuing. Subjects 
were either cued before or after the presenta- 
tion as to which structures they would have 
to reproduce. Postcuing was expected to 
lower accuracy levels. Moreover, it was 
hoped that under the more difficult condition 
of postcuing, the proposed compatibility be- 
tween temporal order and words and be- 
tween spatial position and pictures would 
be exaggerated. Finally, serial position 
analyses were used to localize the source of 
whatever differences emerged. 


Method 


Design. The design included stimuli (words or 
line drawings) and cuing (pre- or postcuing of 
type of reconstruction task) as between-subjects 
factors. Within-subjects factors were reconstruc- 
tion task (temporal order, spatial position, or the 
one-to-one task), halves (first or second half of 
the session), and serial position (Serial Positions 
1-8 for temporal order and spatial position). The 
eight subjects in each Stimulus X Cuing condition 
were given five trials on each of the reconstruc- 
tion tasks in a random order, during each half of 
the session. 

Spatial position referred to the place on the wall 
where the item was presented, and temporal order 
was defined by the temporal order of input. Twenty 
different input orders were generated such that the 
correlation between temporal order and spatial 
position was minimal and no obvious temporal/ 
spatial patterns were discernible. A typical input 
order for one trial might be the following: 7 2 8 
5146 3. The value of the number refers to the 
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temporal order of input, and the position of the 
number from left to right refers to the items’ 
spatial positions. Thus, in this example, the first 
item presented occurred in Spatial Position 5, the 
second temporal item occurred in Spatial Position 
2, and so on. Correct reconstruction of spatial posi- 
tion would be 7 2 8 5 1 4 6 3; for temporal re- 
construction, the proper sequence would be 1 2 3 4 
5 6 7 8. For spatial reconstructions, subjects laid 
the items out in a horizontal array, while for tem- 
poral reconstruction, a vertical array was used. 

On the one-to-one trials, stimuli were always 
presented from left to right in order. Hence, tem- 
poral order and spatial position were perfectly cor- 
related. On half of the one-to-one trials, subjects 
were told to pay attention to the temporal order, 
and on half they were told to pay attention to the 
spatial position. 

For temporal order reconstructions, serial posi- 
tion was simply the temporal order of input. For 
spatial position reconstructions, serial position went 
from left to right, according to where the items 
were presented. 

Subjects. The subjects were 32 volunteers from 

the Toronto subject pool. Subjects were assigned 
to one of the four experimental conditions accord- 
ing toa prearranged random order. 
Stimuli. The 64 line drawings were simple black 
and white outline drawings with a moderate 
amount of detail of common objects such as a 
flower, table, bird, and knife. All were readily 
"named" by a number of randomly chosen col- 
leagues. The 64 words were chosen from the 
Toronto word pool, and all denoted common con- 
crete objects or places. They were two-syllable 
nouns with a frequency count of 20 per million or 
more according to the Thorndike-Lorge (1944) 
word count. 

All stimuli were made into 35-mm slides for 
presentation purposes; for the reconstruction task, 
Xerox copies of the line drawings were mounted 
on 7.5-cm square cards, and the word stimuli were 
printed on similar cards. . | 

From each pool of 64 stimulus items, 8 test lists, 
all of List Length 8, were generated by sampling 
without replacement from each pool. This proce- 
dure was repeated three additional times, yielding 
4 sets of 8 lists. Items within а list were as- 
signed a spatial position such that each repetition 
of the item in each of the other 3 sets occurred 
in different locations. Two presentation orders (A 
and B) of 15 lists were created by combining 2 sets 
and dropping 1 of the 16 lists. For each of these 
orders, 2 random reconstruction task assignments 
(5 trials each of the temporal, spatial, and one-to- 
one tasks) were generated; hence, there were 4 
basic presentation orders (А, А’, B, and В”). Item 
input orders (described above) were then as- 
signed to the temporal and spatial tasks. 


Each subject was tested on one order, that is, 15 
lists, in each half of the session. For the first four 
subjects in each condition, the order of testing was 
as follows: AB, A'B', BA, and B'A’. For the re- 
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maining four subjects, the temporal and spatial 
task assignments were interchanged, and the basic 
order of testing was repeated. 

Apparatus. Eight Leitz Color Prodovit projec- 
tors were positioned on a scaffolding 5 m from the 
floor, so as to form a horizontal array. They were 
aimed at eight positions on the wall; each position 
was marked by a strip of black tape that cor- 
responded to the bottom edge of the projected 
image. Projection width was approximately 2.3 m, 
and each projected image occupied an area 20-cm 
Square with a 10-cm separation. A series of relays 
connected to each projector, a pair of Hunter 
Clock Timers, and eight telegraph keys allowed 
the experimenter to activate one projector after 
another in the appropriate presentation order at a 
controlled rate. 

Procedure. Subjects were tested individually in 
one 45-min. session. "Throughout the session, the 
subject was seated at a table approximately 1.5 m 
from the projection wall and centered with re- 
Spect to the projection width. The experimenter 
was seated to the left somewhat behind the sub- 
ject. On the table were two arrays, one vertical 
and one horizontal, to be used in the reconstruction 
task. 

Each subject was given extensive instructions 
concerning the task, followed by four practice 
trials with complete feedback, two each of the 
spatial and temporal tasks in alternation, The prac- 
tice stimuli for the line drawing groups were 
simple geometric shapes; for the word groups, 
one-syllable words were used. In the precued 
groups, all practice trials were precued. In the 
postcued groups, the first two trials were precued 
and the last two were postcued. If a subject seemed 
confused at the end of the practice, four more 


practice trials were given. This occurred for only 
one subject. 


A typical trial in the precued conditions pro- 
ceeded as follows. The subject was told to pay at- 
tention to either the temporal order or the spatial 
position of the items. One second after a spoken 
ready signal, the eight items were presented one 
by one according to the prescribed input order for 
that trial. Each item appeared for 1.5 sec 
there was a .7-sec interstimulus interval, After the 
eighth item had been presented, the subject was 
handed a randomized deck containing the items he 
or she had just seen. For temporal reconstructions, 
the subject used the vertical array, and the hori- 
zontal array was used for the spatial recon- 
struction. For the one-to-one input order, the sub- 
ject used either the horizontal or vertical array 
according to the temporal or spatial instruction. 
The reconstruction task was totally unstructured, 
in that the subject was free to rearrange the items 
until he or she was satisfied. After the experi- 
menter recorded the reconstruction and collected 
the cards, the next trial was initiated. No feedback 
was given in the experimental trials. 

The only difference between the precued and the 
postcued conditions was when the subject received 
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the temporal or the spatial instruction. In the pre- 
cued case, the subject was informed immediately 
prior to the beginning of the presentation. In the 
postcued case, the instruction was given after the 
subject had seen the last item in the sequence. 


Results 


Analyses pertinent to the question of 
qualitative differences between pictures and 
words will be presented first, then analyses 
pertinent to the relationship between tem- 
poral and spatial structures. A strict cri- 
terion was used to score the reconstruction 
protocols. Only items placed absolutely ac- 
curately were considered as correct. The 
number of correct placements for each serial 
position summed over the five replication 
trials for each subject in each half of the ses- 
sion served as the data base. These totals 
were submitted to an analysis of variance for 
repeated measures. Stimulus and cuing were 
between-subjects factors; task, halves, and 
serial position were within-subjects factors. 
Two analyses were performed using this de- 
sign: In one, data from all three reconstruc- 
tion tasks (temporal, spatial, and one-to-one) 
were used; in the other, only the temporal 
and spatial reconstruction data were included 
in the analysis. Since the results of the two 
analyses were virtually identical, only the 
first analysis will be considered. Unless 
otherwise noted, all relevant F values were 
significant at the .05 level of confidence or 
beyond. 

Before one-to-one data could be in- 
cluded in the analysis, it was necessary to 
determine if the different instructions had 
led to differential performance. One half the 
one-to-one trials, subjects were instructed to 
pay attention to temporal order; on the 
other half, they were instructed to attend to 
spatial position. Under temporal order in- 
structions, a mean of 5.8 items were cor- 
rectly placed; under spatial position. in- 
structions, the mean was 5.9 items. Ap- 
parently, different instructions did not affect 
one-to-one performance, and hence, no fnr- 
ther distinction between the types of one-to- 
one trials will be made. 

Placement accuracy, expressed as a pro- 
portion, is shown in Table 1 for the three 
main factors of stimulus, cuing, and task. 
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TABLE 1 


MEAN (M) Proportion or Correct TEMPORAL 
AND SPATIAL PLACEMENTS AS A FUNCTION OF 
ТҮРЕ or STIMULUS AND CUING 
INSTRUCTION IN EXPERIMENT 1 


Reconstruction task 


REUS ees 
Tem- One to 
Condition poral Spatial One M 
Stimulus 
Line drawing .69 63 78 70 
Word EJ! EI 68 58 
Cuing 
Pre E .60 ^9 72 
Post 52 ELI бо 56 
Task M -66 54 73 


As сап be seen, accuracy of placement was 
highest for line drawings, F (1, 28) — 17.09, 
and for precued conditions, F(1, 28) 2 31.30, 
MS, — 841. Reconstruction performance was 
best for the one-to-one task and poorest for 
the spatial task overall, F(2, 56)= 37.19, 
MSE, = 3.04. 

While the Stimulus x Task interaction 
did not reach an acceptable significance level, 
F(2, 56)— 2.56, р < .07, comparisons ар- 
propriate to the stated hypothesis were per- 
formed. Temporal reconstructions were sig- 
nificantly more accurate than spatial recon- 
structions for both line drawings and words. 
Also, one-to-one reconstructions were supe- 
rior to temporal reconstructions for both 
types of stimuli. 

The interaction of Cuing X Task was 
highly significant, F(2, 56)— 6.49, MS. = 
3.04. As can be seen from Table 1, the per- 
formance decrement resulting from postcuing 
was twice as large for the temporal task than 
for the other tasks. The nature of this loss 
was revealed by inspection of the serial posi- 
tion data. As expected, serial position was 
highly significant and entered into several 
interactions. The significant double inter- 
actions of Cuing X Serial Position and Task 
X Serial Position were qualified by a sig- 
nificant triple interaction involving all three 
factors, F(14, 392) = 240, MS, = .87, This 
interaction is shown in Figure 1. The main 
effect of postcuing was to exaggerate the 
bowed character of the serial position curve 
by lowering performance on the middle posi- 
tions, while leaving the ends virtually un- 
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SERIAL POSITION 


Figure 1. Temporal, spatial, and 1:1 reconstruction task performance as a function of serial 
position for pre- and postcued conditions in Experiment 1. 


affected. This effect was most apparent for 
the temporal task. Under precued condi- 
tions, the temporal and one-to-one curves 
were almost identical; however, under post- 
cued conditions, the temporal curve showed 
much greater losses than the one-to-one 
curve for all positions except the endpoints. 
A comparison of the temporal and spatial 
curves revealed similar shapes in the precued 
conditions. Under postcuing, the asymptotic 
performance levels were similar for temporal 
and spatial tasks, though the recency and 
primacy effects were larger for the temporal 
task. 

Performance was significantly better in 
the second half of the session (.75 vs. .62), 
F(1, 28)= 460, MS.— 171. The inter- 
action of Halves X Serial Position, F(7, 
192)= 4.32, MS, = .89, revealed that the 
second half superiority was due to increased 
accuracy in Positions 3-7 in the second half 
of the session. Finally, the interaction of 
Task x Halves х Serial Position, F(14, 
392)= 225, MS, = .91, localized second half 
superiority to increased accuracy in the mid- 
dle positions of the curve for only the tem- 
poral and one-to-one tasks. Performance on 
the spatial task remained relatively constant 
across both halves of the session. 

One aspect of the relationship between 
temporal and spatial structures was ex- 
amined by assessing the predictive power of 


the assumption that performance on one-to- 
one trials was a function of the joint action 
of independent knowledge of temporal and 
spatial structures. If the assumption of in- 
dependence is valid, performance on one-to- 
one trials should be predicted by Equation 1 : 
P*(1:1) = p(t) + p(s) — p(t)p(s), (1) 
where p*(1:1) is the predicted level of one- 
to-one performance and p(t) and p(s) are 
estimates of temporal and spatial knowledge. 
respectively. Given the nature of the recon- 
struction task used in Experiment 1, esti- 
mates of p(t) and p(s) from temporal and 
spatial trials, respectively, will be inflated. 
That is, whether a subject knows nothing, 
or knows four or even seven positions cor- 
rectly, that subject will be expected to place 
one item correctly by chance alone. While 
the probability associated with this chance 
event will vary with the number of unknown 
positions (from .125 when no position in- 
formation is known to 1.00 when the person 
remembers seven positions correctly), the 
expected number of correct placements due 
to chance alone is one.? This analysis leads 


1 Mathematically, this leads to the following 
equalities: ро = рь + .125, for .0 < p, <.875; and 
po = 1.0, for p: > .875; where po is the observed 
probability of a correct temporal or spatial place- 
ment, and f. is the probability representative of 4 
person's actual level of position knowledge. 
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to Equation 2, where the observed prob- 
abilities of temporal and spatial placements 
are reduced by .125, which is simply the 
probability increment associated with the 
expectation that one item will be placed cor- 
rectly by chance alone. Since observed per- 
formance on one-to-one trials is inflated by 
the same amount, the constant (.125) must 
be added to the predicted performance levels 
when temporal and spatial estimates are 
corrected for chance : 


pee(1i1) = p(t) -125 + p(s) -125 
~ fp (t) 425] [p(s) — -125] + -125. (2) 


The mean probability of a correct place- 
ment for the temporal and spatial tasks at the 
level of the Stimulus X Cuing X Halves X Se- 
rial Position interaction was used to predict 
one-to-one performance from Equation 2. 
This analysis revealed that the predictions 
overestimated by a mean of .091 probability 
units with a standard error of .014. The size 
of the error did not vary systematically as a 
function of any of the factors. A linear 
regression on the observed-predicted values 
for these 64 points accounted for a sub- 
stantial proportion of the variance (7° = 
.60), with a slope of .992 and an intercept 
of .092. This relationship held over a wide 
range of available accuracy levels (.35- 
1.00).* 

The second aspect of the relationship 
between temporal and spatial structures in- 
volved error distribution analyses. In this 
analysis the magnitude of each erroneous 
placement in all protocols was scored. For 
example, if the third item (either temporally 
or spatially) was placed in the eighth posi- 
tion, the magnitude of the error was of Dis- 
tance 5. The smallest error would be of 
Distance 1; the largest, of Distance 7. The 
total number of errors at each distance was 
corrected for the number of opportunities, 
since an error of Distance 1 could occur in 
any of 14 ways, whereas an error of Dis- 
tance 7 could only occur in 2 ways. The cor- 
rected distance errors for line drawings and 
words for the three types of tasks are plotted 
as probability distributions in Figure 2. 

For both types of stimuli, the error 
gradients were steepest for the one-to-one 
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task and shallowest for the spatial task. Er- 
ror gradients for line drawings were con- 
sistently steeper than those for words. In 
particular, the spatial error gradient for 
words was almost flat (with the exception 
of the smallest error). Though mot di- 
rectly shown due to collapsing across cuing 
conditions, the steepness of the error gra- 
dients seemed to be positively related to the 
difficulty of the task, in that the steepest 
gradient was found for the easiest task 
(line drawings-one-to-one, precued) and 
the flattest gradient was found for the most 
difficult task (words-spatial, postcued). 


Discussion 


First, what conclusions can be drawn 
concerning the relationship between tem- 
poral and spatial structures? The analysis of 
error gradients revealed that as the task be- 
came more difficult, the error gradients 
started progressively lower and became 
flatter; this effect was most prominent for 
the spatial task. From this, one might con- 


? Originally, these independence notions were 
tested using Equation 1, and the results of those 
analyses were substantially the same as the findings 
reported above. After one of the reviewers sug- 
gested that a correction for guessing should be 
used, the above analysis was developed with the 
assistance of Michael Rabinowitz. The reviewer 
suggested still another correction for guessing that 
was based on a high-threshold model of memory 
for temporal and spatial structures. In the re- 
viewer's model, observed probabilities, P», are sub- 
mitted to the following correction for guessing 
before being entered into Equation 3: p=(fho— 
.125)/(1.0 —.125). Using this model: 


РС) (0) BG)- POP) 
+ 125{10— [A+ PG) CO) 0G). (3) 


performance on one-to-one trials [p*er(1:1)] was 
overestimated by .065 probability units (standard 
error =.013). The results of the linear regression 
yielded a slope of .946 and an intercept of .104; 
the amount of variance accounted for was 62%. 
Because the correction for guessing used in Equa- 
tion 2 takes the subject’s level of knowledge into 
account when making the correction, we prefer it 
to the correction made in Equation 3. However, 
regardless of which correction for guessing is used, 
the basic facts remain the same. Performance on 
one-to-one trials is constantly overestimated, and 
the overestimates do not seem to vary system- 
atically as a function of the level of accuracy, 
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FIGURE ч Probability distribution of the magnitudes of erroneous placements in the temporal, 
spatial, and 1:1 reconstruction tasks for the line drawings and words used in Experiment 1. 


clude that temporal information may be 
easier to process directly in this task than 
spatial information, especially when the task 
is difficult and the stimuli are words. When 
the task is exceedingly difficult and words 
are used as in Murdock (1969), spatial in- 
formation may indeed be reconstructed from 
temporal information. But, this need not be 
the case. 

The notion that temporal and spatial cues 
function as independent and additive com- 
ponents in the one-to-one task received 
some support. That is, while all predictions 
were in error, the size of the error was rela- 
tively constant. To test the generality of 
this notion, two additional sets of available 
data were analyzed accordingly. The first 
set of data came from an unreported experi- 
ment in which complex geometric forms 
were used as stimuli; presentation and test 
procedures were identical to those used in 
the line drawing-precued condition of Ex- 
periment 1. Predictions, using Equation 2, 
were made at the level of Halves X Serial 
Position, and as in the previous analysis, 
predictions overestimated obtained values 
by approximately .10 probability units. The 
second set of data came from the third ex- 
periment reported by Mandler and Anderson 
(1971). In that experiment, people were 


given one study trial and then asked to recall 
the item that occurred between two probe 
words. On temporal trials, the probe words 
were the items that immediately preceded 
and followed the target item; on spatial 
poe EET 
Sinton cif go = The factorial com- 
postcuing and overt 
pi or ионы of the items 
pects boc Ba pid ari "a 
E Ais À ed in four main 
input conditions suitable for analysis. Since 
their experiment required item recall rather 
than reconstruction, the estimates of tem- 
poral and spatial knowledge did not need 
to be corrected for guessing. Hence, Equa- 
tion 1 was used to make predictions con- 
cerning one-to-one performance. Overall, 
Mandler and Anderson reported an over- 
estimate of .06 probability units. When the 
data were reanalyzed at the level of Cuing 
x Pronunciation X Serial Position, the mean 
overestimate was .044. However, that value 
included an overestimation of approximately 
.11 probability units for three of the condi- 
tions and an underestimate of .17 prob- 
ability units for the remaining condition. 
The predictions from the two above- 
mentioned additional experiments and from 
Experiment 1 were collapsed over seria 
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position, and the means were entered into 
the observed-predicted linear regression 
analysis. The additional data fit quite well, 
with the exception of one condition. That is, 
the results of the linear regression on 13 
means (excluding the condition in the 
Mandler and Anderson experiment that 
grossly underestimated one-to-one perform- 
ance) revealed a slope of 1.087 and an in- 
tercept of .041; the amount of variance ac- 
counted for was 88%. In general, then, the 
overestimate appears to be quite consistent 
and seems to hold for both reproduction and 
probed-recall testing situations. 

What is the source of the overestimation? 
Presumably the estimates of temporal and/ 
or spatial information are inflated. Mandler 
and Anderson (1971) investigated the ef- 
fects of the rank-order correlation of spatial 
and temporal information and found that 
partial correlation did not improve perform- 
ance over zero correlation conditions, How- 
ever, control over rank-order correlation 
does not insure elimination of a systematic 
relationship between temporal and spatial 
structures. For instance, the rank-order cor- 
relation between temporal and spatial struc- 
tures for the sequence 8 6 1 2 34 57 is 
—.02. Yet, there is an obvious pattern re- 
lating the two structures. In both the present 
and Mandler and Anderson's experiments, 
such highly patterned sequences were re- 
jected. However, the perception and use 
of any random pattern may be highly idio- 


'syncratic, To the extent that individuals 


utilized patterning, estimates of temporal 
and spatial information in uncorrelated struc- 
tures will be inflated. The only way to cir- 
cumvent this situation appears to involve a 
between-subjects design, where one group 
is only tested on temporal and the other on 
spatial structures. In this situation, people 
would be less likely to attend to the ir- 
relevant structure, and thus, "pure" esti- 
mates of temporal and spatial information 
may be obtained. As it rests now, it would 
appear that temporal and spatial structures 
in fact may act as independent and perhaps 
additive cues for serial recall, though the 


crucial data remain to be gathered. 
Having shown that temporal and spatial 
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Structures are retained relatively independ- 
ently, we can now proceed to consideration 
of the hypothesis that memory for temporal 
and spatial structures should vary as a func- 
tion of the form class of the stimuli. Very 
simply, the hypothesis received very little 
support. For both types of stimuli, temporal 
Structures were retained better than spatial 
structures, which is just the opposite of the 
results reported by Snodgrass and Antone 
(1974). While there were many procedural 
differences between the experiments, one 
seems crucial to resolution of the contradic- 
tion. In their experiment, members of the 
spatial pairs were presented simultaneously, 
side by side. Since people in Western so- 
ciety typically scan from left to right, the 
possibility exists that their spatial condition 
actually led to both temporal and spatial 
processing. The temporal pair items were 
presented sequentially in the same position 
and, hence, were subject to temporal proc- 
essing only. Since temporal and spatial cues 
may be additive, it is not surprising that 
"spatial superiority" was observed in their 
experiment. In the present and the Mandler 
and Anderson experiments, the possibility 
of dual temporal and spatial coding was 
controlled. When only single codes were 
available, temporal superiority emerged. 
One possible explanation for temporal 
superiority in the present experiment re- 
sides in the nature of the rehearsal strategies 
used to retain the structures. When people 
were asked about the strategies they used 
during the experiment, they invariably re- 
ported that it was quite easy to develop an ef- 
fective rehearsal strategy for temporal struc- 
tures, but that they were generally unsuc- 
cessful in creating a rehearsal strategy for 
spatial position. The interaction of task and 
cuing is supportive of these introspections. 
In precued conditions, all available time 
could be devoted to rehearsing the appro- 
priate structures, whereas in the postcued 
conditions, rehearsal time had to be divided 
between the two structures. If rehearsal of 
spatial information is relatively inefficient or 
difficult, the amount of time available for 
rehearsal should have a small effect, On the 


other hand, if temporal information is easv 
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to rehearse, variation in rehearsal time ought 
to produce a large effect. In fact, the effect 
of cuing on temporal accuracy was twice as 
large as the effect on spatial accuracy. Thus, 
temporal structures appear to have a proc- 
essing advantage overall—perhaps because 
the structure is given directly by the presen- 
tation order—while spatial structures must 
be constructed. 


Since the stimulus factor did not enter 
into an interaction with task and cuing, one 
might expect that people treated the words 
and line drawings in a similar fashion. On the 
whole, people reported rehearsing the names 
or even the first letter of the name of the line 
drawing. At the level of rehearsal, then, 
the two types of stimuli were treated sim- 
ilarly. These two strategy effects, relative 
ease of temporal rehearsal and the use of 
a name code, could be responsible for the 
obtained superiority of temporal structures 
for both words and pictures. 

While the interaction between stimulus 
and task was not significant, it was true 
that the difference between memory for tem- 
poral and spatial structures was 2.5 times 
larger for words than for pictures. Can this 
trend be indicative of potential qualitative 
effects that were reduced by the two strategy 
effects noted above? Possibly, but this trend 
could equally well reflect differential for- 
getting rates for words and pictures and 
temporal and spatial structures. That is, 
assume that item memory decays more 
slowly for pictures than for words and that 
the decay rate for spatial is faster than that 
ior temporal information. Given these as- 
sumptions, at time /, pictures would be 
remembered better than words, and the dif- 
ference between the temporal and spatial 
forgetting curves would be smaller for pic- 
tures than for words. In fact, people fre- 
quently insisted that a particular test word 
hadn't been presented; this rarely occurred 
with the line drawings. Thus, the results of 
Experiment 1 can easily be interpreted by 
purely quantitative differences in efficiency 
and ease of processing without recourse to 
notions of qualitative differences. 

Experiment 2 utilized a recognition-re- 
production procedure to measure item reten- 
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tion as well as reproduction accuracy. Pre- 
sentation conditions remained the same as 
in Experiment l. At reconstruction, how- 
ever, people were handed a set of 16 items 
that were a random mixing of the 8 target 
items plus 8 lures. Their task was to go 
through the deck, one card at a time. Each 
item, which was recognized as old, was to 
be placed in its appropriate location. If the 
person failed to recognize all 8 items, he or 
she was forced to select additional items 
until all 8 positions had been filled. 

Aside from allowing measurement of item 
recognition, it was hoped that this procedure 
would discourage the use of a naming 
strategy for the line drawings. Since people 
would not necessarily know if their verbal 
label would be sufficient to distinguish a 
target from a lure, more emphasis might 
be placed on the pictorial image. With 
greater control over item recognition and 
encoding strategies, it may be possible to 
determine which model—the quantitative or 
the qualitative—accounts best for the data. 

Since cuing did not serve the purpose of 
exaggerating the hypothesized effects and 
since people in the postcued condition utilized 
a wide variety of second-guess strategies, 
cuing was dropped as a variable. All trials 
were precued. The one-to-one input condi- 
tion was also dropped, as resolution of ob- 
served-predicted functions could not be ob- 
tained using the current design. Hence, only 
temporal or spatial reconstructions were 
utilized. 


EXPERIMENT 2 
Method 


Design. The design included stimuli (words 
and line drawings) as a between-subjects factor 
and reconstruction task (temporal or spatial), 
halves, and serial position as within-subjects fac- 
tors. The 12 subjects in each stimulus condition 
received four temporal and four spatial trials in 
alternation during each half of the session. All 
trials were precued. " 

Subjects. The subjects were 24 students in à 
memory class at the University of Toronto, who 
were fulfilling a course requirement. Subjects were 
assigned to the stimulus conditions in alternation 
at the time of their arrival at the laboratory. 

Apparatus and stimuli. The apparatus was 
identical to that used in Experiment 1. The origin? 
stimuli were supplemented by 64 new words an 
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64 new line drawings, selected according to pre- 
vious criteria. 

Four sets of 8 test lists were drawn from the 
original stimulus ensemble and 4 sets of 8 lure lists 
were drawn from the new sets of stimuli, For each 
set, 8 reconstruction decks were created by com- 
bining a test list and a lure list. Appropriate forms 
of counterbalancing similar to those used in Ex- 
periment 1 were employed such that each subject 
essentially received a unique test set. 

Each subject received 2 sets of 8 trials. In the 
first half, all items (test and lure) were new prior 
to presentation. In the second half, all items had 
been seen before but in different combinations. 
Throughout, test items came from the original 
stimulus ensemble and lures from the new en- 
semble. Thus, second half testing closely approxi- 
mated Experiment 1, since by the second half, 
subjects could be quite certain which were old 
stimuli and which were the lures. 

Procedure. The procedure was identical to that 
of Experiment 1, with the exception of the actual 
reproduction task. After presentation of the target 
items, the subject was handed a deck of 16 items 
and was instructed to go through the deck, card 
by card. As an old item appeared, it was to be 
placed in it's proper location. At any time during 
this process, the subject was free to rearrange 
previously placed items or to remove them. lf the 
subject had not placed 8 items after going through 
the entire deck, he or she was instructed to pick 
out the most likely items and place them ac- 


cordingly. 


Results and Discussion 


First, consider item recognition. In gen- 
eral, recognition levels were quite high. As 
a result, serial position was eliminated from 
the analysis (due to problems associated 
with unequal variances). The data base con- 
sisted simply of the total number of items 
correctly recognized per trial. For conven- 
ience, the results of the analysis will be dis- 
cussed in terms of percentage recognition 
errors. Significance levels were set at .05. 
Fewer recognition errors were made on line 
drawings (4.596) than on words (9.566), 


F(1, 22)= 442, М5, = .53. Not sur- 
prisingly, second half performance was 
с 22 


superior to first half performance, F ( 1,:22 
= 876, MS, = .20. Two interactions were 
significant: Stimulus Х Task, F(1, 22)= 
7.87, MS, = .30, Stimulus X Task х Halves, 
F(1, 22)=8.63, MS. = .35. Data pertinent 
to the triple interaction are shown in Table 
2. The point of interest involves first half 
performance, when all items were new. 


TABLE 2 


PERCENTAGE ITEM RECOGNITION ERRORS AS A 
Function oF STIMULUS, TASK, AND HALVES 
FOR EXPERIMENT 2 


Reconstruction task 


Condition Temporal Spatial 


First half 
Line drawing 6.0 
Word 7.5 
Second half 


Line drawing 
Word 


Twice as many recognition errors were made 
on spatial trials than on temporal trials 
when the stimuli were words. For line draw- 
ings, the trend was for more recognition 
errors to occur on temporal trials. In the 
second half, when items had potentially 
been identified as targets or lures because of 
past experience, type of task had no differ- 
ential effect on item recognition. 

Two analyses were performed to assess 
memory for the temporal and spatial struc- 
tures, both using the factorial design men- 
tioned before. In the first analysis, the data 
base consisted of the number of correct 
placements (strict scoring) for each serial 
position, summed over the four replication 
trials per half. The second analysis com- 
pensated for item recognition effects by 
dividing the number of correct placements 
from the first analysis by the number of 
items correctly recognized. Thus, effects of 
differential item recognition levels could not 
be responsible for the obtained results. Data 
pertinent to both the absolute and the con- 


TABLE 3 
TEMPORAL AND SPATIAL RECONSTRUCTION 


Accuracy АЅ A Ё ION € 
STIMULUS IN EXPERIMENT 2 


Reconstruction task 


Stimuli Temporal Sı M 
Words .57 (01 .39 48 (.52) 
Lind drawings .68 (71) .05 .66 (.69) 

Task М .64 (.66) .52 


Note. The first number represents absolute proportion of cor- 
rect placements, while the number in parentheses represents the 
conditional probability of a correct placement given the level of 


item recognition. 
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ditional analyses are shown in Table 3. All 
reported F values are reliable at the .05 level 
or beyond. 

The results of both analyses were es- 
sentially identical. The use of line drawings 
as stimuli led to greater reproduction ac- 
curacy than did the use of words: F(1, 22) 
— 15.48 for the absolute analysis; F(1, 22 
= 14.89 for the conditional analysis; WS, = 
6.73 and .39, respectively. Overall, temporal 
structures were remembered best: F(1, 22 
= 13.16 and 16.03 for the absolute and con- 
ditional analyses, respectively. These effects 
were qualified by a Stimulus x Task inter- 
action, F(1, 22) = 6.68 and 7.61 for the two 
analyses, respectively. The mean square 
errors for the above interactions for the two 
analyses were 2.76 and .14, respectively. For 
words, retention of spatial structures was 
very poor relative to retention of temporal 
structures, whereas for line drawings, both 
structures were equally well retained. The 
only other reliable effect was serial position : 
F(7, 154) = 28.40 for the absolute analysis ; 
F(7, 154)= 26.92 for the conditional 
analysis; MS, = 1.57 and .06, respectively. 
The primacy portion of the curve was higher 
than the recency portion and the asymptote 
was at Position 6. 
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The distributions of errors were also ex- 
amined and are shown in Figure 3. The 
functions were similar to those obtained in 
Experiment 1, in that the temporal gradient 
was steeper than the spatial gradient, and 
this effect was most pronounced for words. 
The same pattern was found in both halves 
of Experiment 2. 

Overall, the results from Experiment 2 
were very simple. Even when, or especially 
when, recognition levels were controlled, a 
vast discrepancy between the retention of 
temporal and spatial structures arose for 
words but not for line drawings. Further- 
more, when item recognition levels were 
assessed, it appeared as though the effort 
needed to process and retain spatial in- 
formation overloaded the system sufficiently 
to interfere with word recognition. When 
temporal structures were to be retained, 
the effect on word recognition was much 
smaller. Thus, even the item recognition 
data support the proposed affinity between 
linguistic materials and temporal structures. 
The reverse trend, for example, more item 
recognition errors under temporal task re- 
quirements, occurred for line drawings. 
However, the error rates were so low that 
this evidence can only be viewed as sug- 
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spatial reconstruction tasks for the line drawings and words used in Experiment 2. 
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gestive of an affinity between pictorial ma- 
terials and spatial structures. 

Neither the quantitative nor the qualita- 
tive models were clearly supported. Only 
half of the predictions of the qualitative 
model were met (temporal superiority for 
words and different patterns for words and 
pictures), The quantitative model, on the 
other hand, received virtually no support, 
as similar trends across form classes did not 
emerge. Since the temporal/spatial disparity 
for linguistic materials has been well docu- 
mented, the problem now is to determine 
whether it is possible to produce spatial 
superiority with pictorial materials or not. 

Two factors, previously uncontrolled, may 
be responsible for the failure to produce 
spatial superiority for pictorial materials: 
(a) naming strategies and (b) base per- 
formance levels. Concerning the first, if 
verbal labels were applied to the line draw- 
ings, people conceivably may have both a 
verbal and an imaginal code to help them 
retain the two structures А la dual code 
theory. People in Experiment 2 did report 
using verbal strategies, especially in the 
Second half of the session, in spite of the 
recognition procedure. Clearly, it is im- 
portant to control labeling behavior. 

Previously, it was hypothesized that trends 
within form classes could be studied in- 
dependently of baseline performance levels. 
However, in Experiments 1 and 2 the ob- 
served temporal/spatial patterns have co- 
varied perfectly with performance levels: At 
high performance levels, temporal/spatial 
equality has been observed, and at low levels, 
a disparity has been found. As noted before, 
low interitem similarity may be responsible 
for the picture superiority effects, and most 
likely, these line drawings are more dis- 
similar to one another than are the words. 
If this is the case, interitem similarity may 
be influencing not only item recognition but 
also ease of retention of the temporal/spatial 


Structures. А 
Unfortunately, it is difficult to scale inter- 


item similarity across form classes. How- 
ever, it is relatively easy to frame the inter- 
item similarity of words by using two sets 
of pictorial materials that are of low and 
high levels of interitem similarity. The 
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line drawings used previously would be 
representative of a low interitem similarity 
set. Another set of stimuli that intuitively 
seem to have high interitem similarity and 
that are also difficult to label are line draw- 
ings of complex three-dimensional geo- 
metric figures, 

In Experiment 3, all three types of stimuli 
(line drawings, geometric figures, and 
words) were used on a within-subjects basis, 
Unless the within variation produces com- 
plications, the trends noted for words and 
line drawings should be replicated. If geo- 
metric forms also give rise to temporal/ 
spatial equality, it is likely that neither label- 
ing behavior nor performance level (inter- 
item similarity) is responsible for that equal- 
ity. If either factor is important, however, 
spatial superiority may be observed in ac- 
cordance with the dual code hypothesis. 

An additional manipulation of the encod- 
ing variable was introduced by the use of 
instructional sets. Half of the subjects were 
instructed to attempt to encode all items pic- 
torially, and the other half were instructed 
to use verbal strategies throughout. To the 
extent that imposed encoding strategies can 
influence temporal/spatial retention levels, 
the Stimulus X Task interactions should be 
exaggerated when same code instructions. 
(for words, the code verbal; for pictures, the 
code pictorial) are given and minimized 
when different code instructions (for words, 
the code pictorial; for pictures, the code 
verbal) are given. 

The recognition-reproduction task of Ex- 
periment 2 was again used. This time, lures 
and targets came from the same set, and lists 
were constructed by sampling with replace- 
ment. This procedure was used in an at- 
tempt to increase the number of recognition 
errors, so that the effect of reproduction 
task requirements on item recognition levels 
could be further assessed. 


EXPERIMENT 3 
Method 


Design. The design included instructional set 
(image and verbal) as a between-subjects factor 
and stimuli (line drawings, geometric forms, and 
words), reconstruction task (temporal and spatial), 
and serial position as within-subjects factors, The 
15 subjects in each instruction condition received 
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3 temporal and 3 spatial trials on each type of 
stimuli, in random order during one session. 

Subjects. The 30 subjects were University of 
Toronto summer school students in a course on 
human memory. Participation in the experiment 
fulfilled part of their course requirements. Sub- 
jects were assigned to the instructional set con- 
ditions in alternation upon their arrival at the 
laboratory. 

Apparatus and materials. The apparatus was the 
same as used in Experiments 1 and 2. The original 
set of 64 line drawings and 64 words were modi- 
fied such that no word named or was directly re- 
‘lated to any of the line drawings. An additional 
set of 64 line drawings of complex three-dimen- 
sional geometric figures, similar to those found in 
the Space Relations test (Bennett, Seashore, & 
Wesman, 1963), were developed. 

Two basic presentation orders were developed 
as follows. For each type of stimuli, 7 sets of 16 
items each were selected by sampling with replace- 
ment up to two draws. Eight of the 16 items in 
each set were randomly designated as target items 
and 8 as lures. Any item repeated across lists could 
occur either twice as a target, twice as a lure, or 
once as a target and once as a lure. The testing 
sequence of the 21 trials was ordered such that 1 
trial on each stimulus type occurred in each block 
of 3 trials. Within each block, the order of stimulus 
type was random. Temporal and spatial tasks were 
randomly assigned to the trials with the restriction 
that each stimulus type be tested on both tasks 
within each block of 6 trials. For each of the 
presentation orders, 4 of the subjects in each in- 
structional set received the trial sequence in the 
forward order and 3 received the backward order. 
Half of the subjects in each of these subsets re- 
ceived the original temporal/spatial assignments ; 
for the remaining subjects, the task assignments 
were reversed. The first 3 trials of the testing 
sequence were designated as practice trials and 
were never scored. 

Procedure. With the exception of encoding in- 
structions, the procedure was identical to that used 
in Experiment 2. At the beginning, subjects were 
instructed to use one encoding strategy to the best 
of their ability. Subjects receiving image instruc- 


TABLE 4 


TEMPORAL AND SPATIAL RECONSTRUCTION 
ACCURACY AS A FUNCTION Or TYPE or 
STIMULUS IN '"XPERIMENT 3 


Reconstructio 


Stimuli 


Temporal 


M 
Words .60 (.66) .45 (.51) 53 (59) 
Line drawings 68 (.70) «66 (.70) -67 (70) 
Geometric forms 48 C54) 47 C55) 447 (.55) 
Task M 58 (63) — .53 (59) 


Note. The first number re 
correct placements, while th 
the conditional probability 
Jevel of item recognition. ` 


presents the absolute proportion of 
e number in parentheses represents 
of a correct. placement given the 
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tions were told to try to attend to and retain the 
pictorial aspects of the pictorial materials; for 
words, they were to concentrate on generating a 
mental image of the object named by that word. 
Subjects receiving verbal instructions were asked 
to attend to the linguistic character of the words, 
to attend to the name of the line drawings, and to 
attempt to name or verbally describe the geometric 
forms. 


While subjects were precued as to the type of 
task, they did not know which type of stimulus 
they would see until the first slide of each trial 
appeared. Subjects were forewarned that items 


could be repeated and that the repetition could 
be either a target or a lure. 


Results and Discussion 


Throughout, all reported F values ex- 
ceeded the .05 level of significance. As be- 
fore, item recognition was quite high 
and serial position was not included as а 
factor in the analysis. For convenience, the 
data are presented in terms of percentage 
error, though the analysis was performed on 
the total number correct per trial. Overall, 
fewest errors were made on line drawings 
(4.5%), an intermediate number on words 
(11.7%), and most on geometric figures 
(15.3%), F(2, 56)= 34.15, MS, = 1.01. 
More errors were made on spatial trials 
(11.7%) than on temporal trials (9.396), F 
(1, 28)= 5.76, MS, = 84, Instructional set 
had no effect on recognition levels nor was 
there any indication 
interaction. Apparently, the effect of task 


Tequirements on item recognition found in 
Experiment 2 was unreliable, 


As in Experiment 2, 


the reconstruction 
protocols were analyzed in terms of (a) the 


absolute number of correct placements (strict 
scoring) and (b) the probability of a cof’ 
rect placement given the level of item recog” 
nition. In both analyses, the data were col- 
lapsed across the three replication trials pef 
condition for each serial position. Neithe" 
instructional set nor reconstruction task was 
significant as a main effect in either analyst? 
Stimulus type did affect reconstruction Ре? 
formance: F(2, 56)= 34.78 for the absolu" 
analysis; F(2, 56)= 20.69 for the con^" 
tional analysis; MS, = 1.30 and .14, resP*^ 
tively. As can be seen in Table 4, рео? 
ance was best for line drawings and роо“ 
for geometric forms. 


of a Stimulus x Task | 
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Figure 4, Probability of corre 
a function of serial position for the words, 


ment 3. 

Both analyses also revealed a significant 
Stimulus x Task interaction: F(2, 56)— 
5.46 and 6.15, MS, = 1.19 and .15, for the 
absolute and conditional analyses, respec- 
tively, As shown in Table 4, temporal and 
ен reconstruction levels were essentially 
Na for both types of pictorial ma- 
m However, temporal superiority em- 
ж for words. Since geometric figures 
in in low performance levels and were 
€ cult to label, the temporal/spatial equal- 
Ds observed with pictorial materials cannot 
P attributed to effects due to naming strate- 
Sies or performance levels (interitem sim- 
Пагу), 

Serial position 
analyses and was qualified 
actions, The Task X Seria 
action was reliable in both the absolute and 
conditional analyses. respectively : (7, 196) 
= 5.31 and 2.23; MS. = .58 and .08. In gen- 
eral, the primacy effect was smaller for the 
while the recency effect was 
equal for the two tasks, In the absolute anal- 
ysis, stimulus also interacted with serial posi- 
tion, F(14, 392)2 2.25, М5, = .61. Both 
types of pictorial materials produced more 
bowed serial position curves than did the 
words. A similar, though unreliable, trend 
was noted in the conditional analysis, F(14, 


392) — 1.61, р < .10, MS, = .08. 


was significant їп both 
by several inter- 
1 Position inter- 


spatial task, 
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line drawings, and 
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SERIAL POSITION 


lacements given item recognition as 
geometric forms used in Experi- 


The Stimulus X Task X Serial Position 
interaction was significant in both analyses: 
Е(14, 392) 22.18, MS,.=.48 for the absolute 
analysis; F(14, 392)= 1.91, MS, = .07 for 
the conditional analysis. The interaction, 
using the conditional data, is shown in Fig- 
4. For all types of stimuli, temporal 
was observed in the primacy por- 


urve. This effect was largest 
into the curve for 
shortest for 


ure 
superiority 
tions of the c 
and extended further 
words and was smallest and 
geometric forms. This pattern of temporal 
y in the primacy portion of the 


superiority 

curve may reflect the relative ease of tem- 

rehearsal and the impact of name- 
portion 

was Te- 


poral 
ability on rehearsal. In the recency 


of the curve, temporal superiority 
duced for words, while for line drawings, 
erged. For geometric 


spatial superiority en 
uivalence was ob- 


forms, temporal/spatial eq 
tained in the recency portion, though the 


spatial asymptote was higher than the tem- 
poral asymptote. These effects may reflect 
the immediate compatibility of spatial struc- 
tures and pictorial processing. That is, while 
spatial structures may be more difficult to 
rehearse and maintain, they may register 
well initially, especially when pictorial 
stimuli are being processed. 

Finally, instructional set interacted with 
stimuli and serial position in the conditional 
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Ficure 5. Probability of correct placements given item recognition under image and verbal 


encoding instructions as a function of serial position for the words, line drawings, and geo- 


metric forms used in Experiment 3. 


analysis, F(14, 392)=2.10, М5, = .08. 
Though not reliable, a similar trend was 
noted in the absolute analysis, (14, 392) 
= 1.62, p < .10, MS, = .61. The interaction 
is shown in Figure 5. For words and geo- 
metric figures, instructions that led to dual 
encoding (image for words and verbal for 
geometric forms) elevated the primacy por- 
tion of the curve relative to the single encod- 
ing conditions. For line drawings, the effect 
of dual versus single encoding was minimal, 
as though dual encoding occurred in spite of 
instructions. Such results are in keeping 
with the notion that a dual code results in a 
more durable memory trace than a single 
code. In addition, dual code conditions led 
to a sizable decrement in the recency por- 
tion of the curve for both types of pictorial 
materials relative to single code conditions. 
Over the short run, attempts to use a dual 
code may result in poorer initial registration, 
though what is registered may be more dur- 
able in the long run. If it can be argued 
that dual code conditions resulted in more 
elaborative or deeper codes than did single 
code conditions, the results found here seem 
to parallel the findings of Bjork and Jonge- 
ward as reported by Bjork (1975). They 
manipulated type of rehearsal of word sex- 
tets and found that at short retention inter- 


vals, primary (rote) rehearsal írequently 
led to higher retention levels than did sec- 
ondary (elaborative) rehearsal. At longer 
retention intervals, the reverse was true. 

In general, the effects of imposed encod- 
ing strategies were minimal, contrary to ex- 
pectations. It is unlikely that subject co- 
operation was a factor, as most subjects re- 
ported 75%-100% success in applying the 
strategies. Though not conclusive, it would 
appear that encoding strategies applied above 
and beyond those activated by the stimuli 
themselves only serve to modify portions of 
the codes produced by the intrinsic encoding. 

As before, error distribution analyses were 
performed and are shown in Figure 6. Steep 
error gradients were found for both temporal 
and spatial tasks. For words, the spatial 
curve was somewhat more shallow than that 
observed for the temporal task. For pictorial 
materials, the curves were almost identical. 
No distinct differences were noted as a func- 
tion of type of encoding strategies. 


GENERAL DISCUSSION 


The retention of temporal and spatial 
structures was greatly affected by the form 
class of stimuli used in the test. Pictorial 
forms gave rise to equality of temporal and 
spatial retention, regardless of base рег” 


= 
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formance levels. Use of linguistic forms led 
to consistent temporal superiority. These 
effects held across both within- and be- 
tween-subjects designs. The use of encoding 
strategies extrinsic to the form class in 
question minimally affected temporal/spatial 
retention levels and/or patterns, whereas the 
processes evoked by the stimuli themselves 
greatly influenced the temporal/spatial pat- 
terns. That is, the processes used in the per- 
.ception and encoding of pictorial materials 
appear to be equally compatible with the 
processing and retention of both types of 
structures, whereas processes used to per- 
ceive and encode linguistic materials appear 
to be most compatible with the processing 
and retention of temporal structures, as 
determined by performance in this paradigm. 

Only qualitative models received support. 
According to the quantitative model, similar 
trends should have been observed across the 
form classes, and this certainly did not occur. 
The dual code hypothesis predicted temporal 
superiority with linguistic materials and 
spatial superiority with pictorial materials. 
Predictions from this qualitative model were 
upheld in that different temporal/spatial 
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patterns were found for the two form classes, 
and linguistic material did result in temporal 
superiority. However, spatial superiority was 
not found with pictorial materials. Unless a 
valid explanation can be found for the failure 
to produce the expected spatial superiority, 
the dual code hypothesis must be revised. 
Before attempting such revision, it is ap- 
propriate to consider several issues that may 
have bearing on the observed temporal/ 
spatial equality obtained with pictorial ma- 
terials. 

It might be argued that the spatial task 
was impoverished in that only a linear array 
was used. Surely, spatial information must 
encompass more than one dimension. How- 
ever, as time is unidimensional, the only valid 
spatial comparison must also be unidimen- 
sional. These experiments certainly do not 
give a complete picture of the relationship 
between the two form classes and the proc- 
essing and retention of extended spatial in- 
formation. While investigation of this rela- 
tionship may be illuminating, it is out of 
bounds for the question at hand. 

One might then suggest that the spatial 
separation was not as discriminable as the 
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temporal separation used in the present 
experiments. However, quite different tem- 
poral and spatial separations were used in 
the Mandler and Anderson (1971) experi- 
ments, yet the magnitude of the temporal 
superiority observed with words in their 
experiments was comparable to that ob- 
served in the present experiments. More im- 
portantly, the fact is that pictorial and lin- 
guistic forms gave rise to different temporal/ 
spatial patterns at constant temporal and 
spatial settings. 

One might finally suggest that the failure 
to find spatial superiority was due to the 
apparent differential rehearsibility of tem- 
poral and spatial structures. Cuing dras- 
tically affected temporal retention in Experi- 
ment 1, though it barely influenced spatial 
retention. In Experiment 3, temporal pri- 
macy was always greater than spatial pri- 
macy and especially so for linguistic ma- 
terials. Both effects could be the result of 
greater rehearsibility of temporal structures, 
Thus, even though spatial structures may be 
processed more efficiently when pictorial ma- 
terials are used, the ease of temporal re- 
hearsal may compensate for the initial diffi- 
culty in processing the temporal information 
when pictorial materials are used. 


The notion of differential rehearsibility 
raises some intriguing questions about the 
nature of temporal and spatial structures. 
Intuitively, it seems that in these experi- 
ments, the temporal structure was given by 
the order of presentation. Spatial structures, 
on the other hand, were not given directly 
by presentation order but had to be 
constructed. Hence, apparent differential 
rehearsibility of the two structures may 
actually be the result of differences in the 
ease of constructing the structure. Healy 
(1975a) has argued that paradigms of the 
type used in the present experiments can- 
not be used to answer questions concerning 
temporal or spatial superiority because of 
the aforementioned asymmetry in the ease of 
constructing temporal and spatial structures. 
She claims that this paradigm reduces toa 
paired-associate task, where the pair mem- 
bers are the to-be-remembered items and 
their serial positions (temporal or spatial, 
depending upon the recall task). Except 
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when temporal and spatial structures are in 
one-to-one correspondence, it is always true 
that both items and their serial positions are 
presented in a constant order in temporal 
recall tasks, whereas neither items nor their 
serial positions are presented in a constant 
order in the spatial recall task. Healy elimi- 
nated this asymmetry. by presenting to-be- 
remembered items in a constant temporal 
order for the spatial recall groups and in a 
constant spatial order for temporal recall 
groups. The to-be-remembered items were 
four consonants that remained constant over 
a series of 72 trials. Under these testing 
conditions, temporal and spatial structures 
were recalled equally well at short retention 
intervals, leading Healy to conclude that 
neither structure was more or less difficult 
to encode than the other, once the basic 
asymmetry had been corrected. Mandler and 
Anderson (1971) also performed a variant 
of this manipulation. In their first two ex- 
periments, people in different conditions re- 
ceived either two or four study trials, where 
the 12 to-be-remembered words were pre- 
sented in constant temporal and constant 
spatial orders. They found consistent tem- 
poral superiority. Temporal recall was 94% 
after two study trials їп which type of recall 
was precued, and 92% after four study 
trials in which recall mode was postcued ; 
spatial recall in the two conditions was 72% 
and 64%, respectively, These results are at 
variance with Healy’s findings. While Man- 
dler and Anderson's and Healy’s experi- 
ments differed on many dimensions (e.g. 
type of stimuli, amount of practice, and 
list length), the critical variable may be list 
length, as will be explained below. 
Temporal and spatial structures may be 
constructed from either absolute or relative 
positional information. Healy's analysis 
(1975a) considers only absolute information. 
If both types of positional information are 
taken into account, a paired-associate analysis 
of the types of tasks used in the present 
experiment and Healy's experiments must 
include two sets of associations: those be- 
tween the to-be-remembered item and its 
absolute serial position (temporal or spatial) 
and the associations between the item e 
its position relative to items temporally ? 
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spatially adjacent to it. For temporal recall 
tasks, both absolute and relative associations 
are always given by the order of presenta- 
tion in a constant order. For spatial recall 
tasks, only information involving absolute 
serial position can be given in a constant 
order, as in Healy’s experiments. Informa- 
tion concerning relative spatial position can 
never be given directly in these paradigms; 
those associations must be constructed. 

The basic question is, Can people use ab- 
solute position information alone, and if so, 
under what conditions ? When the number of 
positions to be retained is less than the span 
of apprehension, as in Healy's (1975a) ex- 
periments, the information provided by ab- 
solute serial position may be sufficient to 
encode both temporal and spatial structures 
efficiently. This, of course, only applies when 
the asymmetry between temporal and spatial 
structures regarding absolute position in- 
formation has been eliminated (cf. Healy. 
1975b). However, when the number of 
positions to be remembered exceeds the limits 
of the span of apprehension, as in the Man- 
dler and Anderson (1971) experiments, ab- 
solute time and space cues may be no longer 
sufficient to encode the structure. Since rela- 
tive spatial position must be constructed, 
temporal superiority may well emerge when 
people have to rely on relative as well as 
absolute positional information. 

These notions clearly need experimental 
verification. However, if they are correct, 
spatial structures may be more difficult to 
construct (and rehearse) than temporal 
structures when information is presented 
discretely in time and space. Before attempt- 
ing to interpret the patterns of temporal and 
spatial reconstructions found in the present 
experiments, it may be useful to compare 
the way temporal and spatial information 
was presented in the present paradigm with 
the realities of day-to-day presentation of 
similar types of information. It will be 
argued that, in many respects, the paradigm 
used does reflect the way temporal and 
Spatial information typically enters the 
Processing system. 

Temporal information, by definition, ar- 
rives sequentially in time. Often, the spatial 
location of the items in a temporal sequence 
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is not displaced in space, though it may be. 
However, spatial displacement does not 
seem to affect the presentation of the cues 
Said to be used in the construction of a 
temporal structure. That is, whether the 
items are displaced in space or not, both ab- 
solute and relative temporal position in- 
formation are provided in a constant order 
and are given by the order of presentation. 

Spatial information, at least from dis- 
plays larger than those that can be processed 
by a single fixation, is picked up by succes- 
sive glances in time, where the temporal 
sequencing of these glances need not cor- 
respond to the structure being perceived. 
This may seem counterintuitive, for the 
elements of a spatial array are typically 
presented simultaneously, and we have a 
sense of simultaneity of perception. How- 
ever, visual acuity decreases rapidly as in- 
formation is presented further into the pe- 
ripheral regions of the eye, such that beyond 
5° of visual angle from the center of a 
fixation, even word shape identification is 
very poor (Rayner, 1975). To accurately 
encode an item foveal processing is neces- 
sary; hence, in viewing a large display 
several fixations, usually on areas high in 
information value, are needed to encode the 
entire array. During each fixation, details 
of the fixated object are extracted via foveal 
processing, while peripheral information is 
analyzed to determine where to look next 
(Loftus, 1976). Peripheral information must 
contribute to the development of a spatial 
structure, but the extent of its contribution 
in large displays is unknown. Close to foveal 
regions, the contribution may be extensive; 
further out, it can contribute very little, for 
at the far reaches of the peripherv, only 
movement and sudden changes in illumina- 
tion can be detected. 

The argument advanced here, then, is that 
even in arrays where all elements are pre- 
sented simultaneously, much of the spatial 
information will arrive sequentially in time, 
To construct a mental representation of the 
spatial relations, information obtained from 
the present fixation must be integrated with 
memory for the positions of previously 
viewed items, Unless the fixations have been 
made in a series of left-to-right (or vice 
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versa) steps, neither absolute nor relative 
position information will be given by the 
temporal sequencing of fixations. And, in 
that sense, the presentation of spatial infor- 
mation over time, as in the present ex- 
periments, does reflect the way spatial infor- 
mation enters the processing system. 

One difference between normal spatial 
processing and spatial processing as it can 
occur in this paradigm is that, in the former 
case, a person can consult the actual display 
to verify the correctness of his or her mental 
representation, whereas in the latter situa- 
tion, no external verification is possible. 
This may explain why people found it 
difficult to rehearse the spatial structures. 
Under normal viewing conditions, the spatial 
positions are available for multiple looks, 
thereby reducing the need to develop efficient 
mental rehearsal routines. A second dif- 
ference is that peripheral visual information 
could not be utilized in this paradigm, 
whereas it can be used under normal view- 
ing conditions. As noted above, the im- 
portance of peripheral information in the 
construction of spatial structures has yet to 
be determined. Both of these differences 
arose because of the need to equate temporal 
and spatial presentation conditions such that 
they could be compared legitimately. That is, 
since it is impossible to reexperience a 
temporal sequence except via memory, it was 
necessary to remove the possibility of multi- 
ple examinations of the same spatial posi- 
tion in the spatial task. Investigation of the 
effects of successive versus simultaneous 
presentation of spatial information in large 
displays is clearly needed, and such in- 
vestigations may reveal much about the 
nature of spatial perception and encoding. 

The general predictions of the dual code 
hypothesis were clearly supported, since the 
temporal/spatial patterns did differ as a 
function of form class. The end result of 
greater temporal accuracy for linguistic ma- 
terials and equal retention of temporal and 
spatial structures with pictorial materials 
seems to correspond with day-to-day proc- 
essing demands. When it is necessary to 
localize auditory linguistic signals, such 
localization tends to depend on the use of 
many acoustic and visual cues in conjunc- 
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tion. For written materials, the location of 
the printed word is quite irrelevant as long 
as it follows the preceding word in the 
standard left-to-right fashion. That is, we 
do not need to remember whether a par- 
ticular word occurred near the top or the 
bottom of the page, or to the right or left 
of center. In both visual and auditory cases. 
the ability to perform efficient sequential 
processing on linguistic materials is manda- 
tory. In the nonlinguistic world, both tem- 
poral and spatial information become im- 
portant at various times. In constructing a 
mental representation of a room, the tem- 
poral order of input is relatively unimport- 
ant. However, when attempting to manipu- 
late a crowded freeway, the necessity for 
efficient temporal and spatial information 
processing is paramount. 

Because spatial structures may be more 
difficult to process than temporal structures, 
it is difficult to determine the exact rela- 
tionship between temporal and spatial proc- 
essing efficiency as a function of form class. 
That is, the observed temporal superiority 
for linguistic materials may reflect the fact 
that temporal processing is facilitated rela- 
tive to spatial processing when applied to 
linguistic materials. Alternatively, temporal 
superiority may simply reflect differential 
task difficulty. On the other hand, if differ- 
ential task difficulty does exist, the pattern 
of temporal/spatial equality observed with 
pictorial materials must reflect facilitation of 
spatial processing relative to temporal 
processing efficiency when these routines are 
applied to pictorial forms. Future research 
investigating the nature of temporal and 
spatial structures is needed to determine 
how these structures are processed and en- 
coded and to determine whether there is an 
inherent asymmetry in the ease of construct- 
ing these structures. Until these questions 
can be answered, the specific relationship be- 
tween the processing of temporal and spatial 
structures and form class cannot be deter- 
mined. 


The nature of the imaginal and verbal 
codes, as postulated by the dual code hy 
pothesis, appears to need revision. The orig” 
inal statements seemed to imply that the 
codes aroused by encoding strategies © 
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trinsic to the stimuli were very similar in 
quality (though maybe weaker) to the codes 
elicited by the stimuli themselves. This 
appears to be false. The fact that imposed 
encoding strategies had little effect on the 
general trends (see Experiment 3) seems 
to imply that extrinsic imaginal and/or 
verbal encoding strategies do not fully mimic 
the encoding processes elicited by the stimuli. 
That is, while it is true that encoding 
strategies can dramatically affect item recog- 
nition (Paivio, 1971), the same strategies 
do not seem to affect temporal/spatial reten- 
tion. Since Paivio (1971) has reported that 
the arousal of an image takes .6 to 1.0 sec, 
it would seem that the total presentation 
time of 2.2 sec/item should have been suffi- 
cient to produce an effect. Since it did not, 
the relationship between imposed and in- 
trinsic coding processes must be examined 
further for the dual code hypothesis to be- 
come a useful theory. 

Finally, a note is in order about the pro- 
posal that the imaginal code results in a 
more durable memory trace than does the 
verbal code. Either pictorial or verbal supe- 
riority may be produced by careful stimulus 
selection (see item recognition, Experiment 
3). Until words and pictures can be equated 
on meaningful psychological dimensions, 
the superiority of one or another code simply 
cannot be determined, Perhaps the most ef- 
fective research strategy would be to search 
for qualitative effects first. Once processing 
differences and similarities are better under- 
stood, quantitative effects may become more 
tractable. At that stage, it may also be pos- 
sible to equate pictures and words so that a 
direct comparison of processing difficulty can 


be attempted. 
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Model-Based Decision and Inference in Stud Poker 


у . Lola L. Lopes 
University of Wisconsin—Madison lò g 5 


и. uc 24 
SUMMARY [23:73 


Three experiments study how a poker player's models or mental representations 
of the game influence his play in a modified version of five-card stud. Specifically, 
the experiments focus on (a) the evaluation of the likelihood that one can beat a 
particular opponent and (b) the combination of two or more such likelihoods into 
a global judgment of the likelihood of winning the hand. 

In Experiment 1, experienced poker players were presented with pairs of op- 
posing poker hands, each of which were described by the upcards in the hand, the 
amount bet on the hand by the opponent, and the playing style of the opponent. 
They judged the likelihood that a standard pair of 7s could beat the opposing 
hands: First, they rated the likelihood directly, and second, they chose an amount 
to wager with the experimenter in a real side-bet on the outcome of the hand. The 
results fór both conditions indicated that the subjective likelihood of beating à 
pair of poker hands is a multiplicative function of the subjective likelihoods of 
beating each of the hands individually. Furthermore, the results of the betting 
condition suggested that subjects bet proportional to their subjective likelihood 


Г of winning. 

In Experiment 2, experienced poker players made side-bets against single hands А 
described by upcards, amount of opposing bet, and playing style of opposing iN 
player. The most striking aspect of the data was a nonmonotonic relationship ~ 
between the amount of the bet and the objective threat of the upcards. Two pos- 
sible explanations for this result are discussed: (a) a simple bias in the subject's 
model of the mathematics of the game and (b) an active strategic discounting of 
hands on which the opponent is likely to be bluffing. 

Experiment 3 had four parts. In Part 1, the test of the multipli. 
tion rule for pairs of opposing hands was replicated and confirmed at the level of 
the single subject. Part 2 tested the mathematical bias hypothesis for the non- 
monotonicities in Experiment 2. Two of seven subjects showed the mathematical 
bias. Part 3 tested the bluff-discounting hypothesis for the nonmonotonicities. 


Bluff-discounting was clearly demonstrated for another two of the seven subjects. 

Part 4 examined the rule for combination of upcard information and bet-amount 

information into a subjective likelihood of beating the hand. The results support 
r two subjects and an adding rule for five others. 


> 


cative combina- 


an averaging rule fo 
217 


218 


Experimental studies of decision making 
have concentrated on tasks for which the 
optimal response is mathematically well 
defined. The predominant research strategy 
has been to assume a prescriptive model 
drawn from mathematical decision theory, 
and then to compare human performance 
with optimal performance. Often the con- 
clusions drawn from these studies have not 
been optimistic about man’s capabilities 
as a decision maker. Not only is he non- 
optimal in his decision making, but he 
appears to be bound by the literal aspects 
of the stimulus, neither transforming in- 
coming information according to need, nor 
bringing new information into the decision 
situation. (For a review of the limitations 
of man's decision-making capabilities, see 
Slovic, 19724.) 

These conclusions may be hasty, at least 
insofar as they are generalized to behavior 
in other task environments. To be specific, 
decision making has been studied in en- 
vironments for which the statistically 
sophisticated researchers have appropriate 
models, whereas the statistically naive 
subjects have none. While it is undoubtedly 
true that people perform poorly under 
these circumstances, it does not follow 
that their performance will be poor in 
familiar environments for which they have 
developed appropriate models. This article 
presents research on decision processes in 
an environment for which the subjects do 
have appropriate models. In particular, 
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the article examines inference and AME 
processes among experienced players o 
stud poker. 


Stud Poker 


Stud poker is not a game of chance: 
It is a game of partial information. Intel- 
ligent use of that information requires that 
a player develop models or mental repre- 
sentations of both the mathematical struc- 
ture of the game and the psychological 
structure of the opponent. The models of 
mathematical structure provide rules for 
making inferences about how the cards 
fall: They include the player's beliefs 
about factors like randomness, indepen- 
dence, and the likelihood of joint events. 
The models of psychological structure 
provide rules for interpreting the behavior 
of opponents: They include the player $ 
beliefs about betting pattern, playing 
style, when and how opponents bluff, an 
even what sort of image he projects 
himself. 

In standard five-card stud, each player 
is dealt two cards: one, the hole card, face 
down, and one face up. А betting pcs 
follows in which players evaluate the! 
own cards in light of opponents’ bets ай ; 
cards, and then decide whether to bet [е 
fold. The players who bet remain in tP 
game and are dealt a third card face d 
Another betting round follows and play : 
revalue their cards and their орролё et 
bets and cards, and again decide whet T 
to bet or fold. This procedure contin p 
until four cards have been dealt face ie 
and four rounds of betting have, Der 
completed. If only one player remain по 
the game, he takes the pot and neec ee 
show his hole card. If two or more play. 
remain, there is a showdown with wae" 
player turning up his hole card tO 
termine who has the winning hand. vodi^ 

The present research is based on а | stu 
fied, nonsequential version of five ce i , 
in which each player receives all his С КП 
one down and four up, before any Бе АШ 
takes place. This game is simpler jt 
Standard stud but retains much ге ad 
character. In fact, it even has à few nd? 
vantages; for example, more good h 
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can occur, since. players who get off to a 
bad start with their first two cards do 
not drop out of the hand. 


Information Integration Theory and 
Functional. Measurement 


The research presented here rests both 
theoretically and methodologically on An- 
derson's (1974a, 1974b) theory of informa- 
tion integration. This is a general theory 
of judgment that has been applied suc- 
cessfully to several problems in decision 
making, including risky decision making 
(Anderson & Shanteau, 1970; Shanteau, 
1974), sequential decision making (Shan- 
teau, 1970), and Bayesian inference (Leon 
& Anderson, 1974). 

According to information integration 
theory, judgments of composite stimuli 
require two basic operations: First, the 
person must evaluate the meaning and 
relevance of each stimulus item on the 
dimension of judgment, and second, the 
person must integrate these component 
evaluations into a single response. The 
theory relies heavily on simple algebraic 
models of the integration operation ex- 
pressed in subjective metrics. These, com- 
bined with factorial stimulus designs, allow 
Simple and powerful tests of goodness of 
fit using ordinary analysis of variance. 
Furthermore, the allied technique of func- 
tional measurement (Anderson, 1970) 
allows the user to deal simultaneously: 
with substantive theory and measurement: 
A single test of fit can jointly validate 
both integration model and response scale, 
and thereby permit interval scale mea- 
surement of the subjective values of stimu- 
lus items. ~~ 

In the present article, information 1n- 
tegration theory and functional measure- 
Ment are applied to two fundamental 
Processes in poker playing: first, the 
valuation by a player of the strength of 


is various opponents’ hands, and second, 


the integration of these individual evalu- 
ations into a global likelihood of winning 


the pot. To illustrate these processes, COn- 


Sider three situations that might confront 
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Player A below: 


78]A? 
Player B 
910100? 
Player A 


344A? 
Player C 


(Note that card ranks 2 through 10 are 
coded by arabic numerals; jack, queen, 
king, and ace are coded by J, Q, K, and A, 
respectively; and the face down hole card 
is coded by ''?".) 

1. If Player A has a ten in the hole, 
he knows that neither Players B nor C 
can beat him no matter what their hole 
cards are. Evaluation and integration are 
thus trivial, and Player А has only the 
strategic problem of choosing a bet amount 
that will encourage Players B and C to 
put their money in the pot. 

2. If Player A has a nine in the hole, 
he can still ignore Player B, since B cannot 
possibly beat two-pair, but he cannot 
ignore Player C, since C could beat him 
with either three 4s or two-pair, aces-up. 
Player A's problem then is to evaluate 
the likelihood that Player C can beat him. 
Two types of information are available to 
Player A. First, he can use his model of 
the mathematical game structure to in- 
terpret the objective threat of the op- 
posing cards. Observing 12 upcards on the 
board and his own hole card, he may 
calculate either exactly or to a rough ap- 
proximation that only four of the remain- 
ing 39 cards can make Player C the winner. 
Second, Player 4 can improve on this 
objective estimate by using his model. of 
the opponent to interpret information 
from the betting. For example, suppose 
Player А checks, postponing his bet, 
Player B checks, and Player C opens with 
a moderate bet. Player C knows that 
Player A has at least a pair of tens, and 
A knows that C knows. Player A must 
interpret C's bet in light of what he knows 
about poker players in general and Player C 
in particular. A risky Player C might be 
trying to bluff Player A into folding, so 
A might take C’s bet with a grain of salt. 
On the other hand, a conservative Player С 
is likely to have at least two-pair, so 
Player A must estimate the likelihood 
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that C holds the safe fours-up rather than 
aces-up or better. 4 

3. If Player A has a two in the hole, 
either Player B or C or both might beat 
him. Thus, he must evaluate both the 
likelihood of beating Player B and the 
likelihood of beating Player C, and then 
integrate these individual likelihoods to 
get a global likelihood of winning the 
hand. Mathematically, there is a simple 
procedure for this: The probability of the 
joint event (Beat B and Beat C) is ap- 
proximately equal to the product of the 
individual probabilities of beating B and 
beating C. Psychologically, however, multi- 
plying is only one of the combination 
rules that Player A might use. For exam- 
ple, another possibility would be a dis- 
junctive rule under which Player А would 
attend only to the more threatening hand. 


Related Studies of Poker Playing 


Experimental psychology. In the early 
1920's, Riddle (1925) studied bluffing, 
risking, and a reaction tendency she called 
"desire to beat" during actual stud poker 
games. Her data included physiological 
reactions like heart rate and breathing, 
introspective reports of emotions directed 
at opponents, and numerical descriptions 
of game factors like rank of a player's 
hand and amount of money in his pile. 
Unfortunately, Riddle was hampered by 
the limited statistical tools of her time. 
Although she analyzed her data as best 
she could using correlation, the results are 


unwieldy and shed little light on decision 
processes in poker, 


Economics. In their 
theory, Von Neumann 
(1944) derived optimal 
for a simplified version of straight poker 1 
the earliest form of the game. In their 
game, each of two players is dealt five 
cards, which only the player sees and 
which cannot be replaced. Then the players 
bet simultaneously either low or high as 
to who has the best hand. If the bets are 
not equal, the player who bet low is given 
the option of forfeiting his bet (folding) 
or increasing it to high (calling). 


treatise on game 
and Morgenstern 
strategies of play 
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Although Von Neumann and Morgen- 
stern’s game is greatly simplified, it does 
retain certain basic qualities of poker. For 
example, bluffing (or betting high ы. 
though one’s hand is poor) is an eleme i 
of the optimal game strategy. However, 
the authors found it difficult to relax even 
the simplest restrictions of their game, 
and they did not allow the interes 
forms of partial information (c.g., саг d 
drawn in draw poker or upcards in soi 
poker) that characterize all modern po 
variations. 

Artificial intelligence. Waterman (1970) 
used draw poker to test the proficient’ 
of a game-learning computer ргО Л 
Although Waterman's primary e. 
was in the production system that eva E 
ates, modifies, and creates its own leacan 
heuristics, his treatment of poker 15 E. 
teresting because it is based on the wo. 
of heuristics that human players might p. 
For example, the bluffingness of an ing 
ponent is estimated by simply count! 
the number of times he bluffs. 

Findler and his associates (Findley 8 
press; Findler, Klein, Gould, Kowa heif 
Menig, 1972) use draw poker in E ^ 
studies of decision making under dH the 
tainty and risk. Their goals include. ^ 
development of techniques for aea 
making based on imperfect inform? . 
and the implementation of powerful anl 
mated learning routines. Among the Pitt 
poker-playing programs they have W! nter 
are several that base decisions On | nte 
esting combinations of тасһіпе-опе ied 
mathematical rules and human-orlé 
heuristics. 


in 


n 
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Related Studies of Risky Decision 4 M 


atna Gd 
In poker each round of betting, jo 


scis 
fronts the player with a risky de уе! 
Such decisions have been а Шу 
Studied from the viewpoint © ation, 
theory. Under utility theory, 2 ‘opti 04 
decision maker chooses among the 2 xim 
open to him in such a way as to dn 
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*Von Neumann and Morgenstern call k е pe? 
Stud poker. However, the game they ae ‘4 
no relationship to the modern stud poket 
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utility or subjective value. In riskless 
choices he has only to evaluate the op- 
tions and choose the one which has the 
greatest overall utility. In risky or un- 
certain choices, however, he has to weigh 
the options by their respective likelihoods, 
either actual or subjective, and choose the 
option for which the product of utility 
and likelihood is greatest. 

Following Von Neumann and Morgen- 
stern (1944), many researchers took utility 
theory as a model of human decision 
making. However, it soon became appar- 
ent that experimental subjects system- 
atically violated the theory's axioms and 
theorems. For example, subjective proba- 
bilities and outcomes of events were 
shown to interact (Irwin, 1953; Slovic & 
Lichtenstein, 1968b), sequence effects such 
as gamblers' fallacy were demonstrated in 
gamble preferences (Myers & Fort, 1963), 
intransitivities were shown for both risky 
and riskless choices (Tversky, 1969), and 
bet preferences were shown to be influenced 
by response mode (Lichtenstein & Slovic, 
1973). 

These results prompted attempts to 
shore up the rational model by adding 
psychological variables to the theory, in- 
cluding preferences for particular probabili- 
ties (Edwards, 1954), variances (Coombs 
& Pruitt, 1960), and levels of risk (Coombs 
& Huang, 1970; Pruitt, 1962). In the long 
run, however, these have not been suf- 
ficient to save the theory. Probability and 
variance preferences have been shown to be 
artifacts of decision strategy (Slovic & 
Lichtenstein, 1968a), risk preferences have 
been shown not to generalize across various 
response measures (Slovic, 1972b), and 
Dositive examples have been provided of 
decision making heuristics that are based 
on principles other than utility maximiza- 
tion (Anderson & Shanteau, 1970; Lich- 
tenstein & Slovic, 1973; Shanteau, 1974). 
The final result has been that in recent 
years reviewers who are otherwise sym- 
Pathetic to the goals and methods of 
Utility theory have stated that the net 
Contribution of the theory has been dis- 
Appointingly slight (Lee, 1971, P- 104), 
and that the theory is applicable only to 
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a narrow and unacceptable class of ex- 
perimental tasks (Rapoport & Wallsten, 
1972, p. 141). 

The failure of utility theory to con- 
tribute substantially to the understanding 
of human decision processes may reflect its 
reliance on a prescriptive model. While 
such models are useful in applied contexts, 
they are almost certain to fail as psycho- 
logical models. In contrast, the descriptive 
models of integration theory are more 
flexible and allow full scope for dealing 
with a diversity of possible decision- 
making mechanisms. 


Experimental Task 


It is difficult to analyze poker by ob- 
serving the bets a player makes during 
a game. This is true for any form of poker, 
even the modified version. The cause of 
the difficulty is basic to the game itself: 
Good poker strategy requires a player's 
bets sometimes to vary directly with his 
subjective likelihood of winning, and some- 
times, as in bluffing (betting high with 
a poor hand), and sandbagging (betting 
low with a good hand), to vary inversely. 
For this reason, the experiments reported 
here all involved an experimental task that, 
while based on the modified game, was 
not the game itself. The subjects were 
shown descriptions of opposing poker 
hands and were asked to judge how likely 
it was that these hands could be beaten 
by a standard hand, always a pair of 7s. 

In all experiments, one dependent vari- 
able was the amount the subjects chose 
to risk in a real side-bet with the experi- 
menter on the outcome of the hand. In 
addition, one experiment had the subjects 
rate their subjective likelihoods of winning 
directly. Note that these responses required 
the subject only to evaluate and to in- 
tegrate the stimulus material. Strategy 
was not required directly, but only insofar 
as the evaluation process 15 based on a 
model of the strategies used by different 
types of opponents. — ў 

` Stimulus hands. The opposing hands 
were each described by several pieces of 

Although the type of infor- 


information. 
mation varied somewhat from experiment 
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FiGUnE 1. Obtained and predicted data for rating 
and betting conditions of Experiment 1. (Note 
that the average opponent's hands are spaced 
the abscissas in accord with their marginal means. 
SP = hand showing a small pair; HP — hand 
showing a high pair; L — card lower or equal to Ts 
Н = card higher than 7; parentheses — possible 
flush; one slash = possible inside straight; two 
slashes — possible open-ended straight.) 


along 


to experiment, most descriptions contained 
three items: (a) the four upcards coded 
by rank and suit. (These cards defined 
the set of potential opposing hands. The 
actual opposing hand, of course, depended 
on the value of the face-down hole card.) 
(b) the playing style of the opponent, 
either conservative or average. (The exact 
meanings of conservative and average were 
left up to the subjects; they were in- 
structed only that the conservative player 
would bluff less often than the average 
player.) (c) the bet-amount, from 1¢ (ante) 
to 25¢. (This was the total amount the 
opponent was willing to bet on the hand 
summed over all rounds of betting.) 

In most cases, two other pieces of in- 
formation Were explicitly excluded from 
the description, First, the subjects did not 
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know why the betting had stopped at E 
amount given in the description. Yo om 
subjects did not know whether а e | 
posing player folded, called, erm 
or was the last player in the pot. - ra 
the subjects did not know wes oe 
the opposing player was looking аг "di 
he played the hand, and therefore dit a 
know whether the opponent was betting 
the face of opposing strength or not. * 
An example of a stimulus hand is sh 

below : 


CONSERVATIVE PLAYER 


24 0K? 
CDHS 


226. 


The description indicates an opposing 
hand composed of the 2 of clubs, aded 
diamonds, queen of hearts, king of e was 
and a face-down hole card. The NEUE wh 
played by a conservative opponen 
bet a total of 224 on the hand. piect? 
Stimulus code. Although the Su nite 
| desig"? 


P 
est 
are coded by a set of Ls and Hs. A (0 
ignates а card lower than or eq and 
a 7 (the rank of the standard pair 'a d 
designates a card higher a of 
Thus, LLHH might designate ter cha? 
34]Q. (b) Hands that could be ар es? 
a pair have special codes. SP desi Ty fof 
hand already showing a small Р атр 
example, 558K. Parentheses, рҮ on 
(LLLH), designate a possible py ani 
or two slashes, for example, LL ide ang, 
/LHHH/, designate possible ins 
open-ended straights, respectively, expe 4 
Stimulus pairs. In most of ЇЇ? reset 
ments the stimulus hands TaS P nd : 
to the subjects two at a оке?) 
Subjects were asked to judge in ands A 
of beating both of the stimulus hi g 


. Uu 
i bined int? ist 
Stimulus hands were combi e 


она pO" сў 
using two-way Conservative OPE. Ww 
Hand X Average-Opponent $- the de 
ril designs. For illustration, 
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for Experiment 1 is shown in the top 
panel of Figure 1. Each of the 36 stimulus 
Pairs is represented by the intersection of 
a row (conservative opponent's hand) and 
a column (average opponent's hand). 
Although Figure 1 is described in terms 
of abstract hand codes, the subjects saw 
concrete stimulus hands. For example, the 
stimulus pair seventh from the left in the 
top row might have been: 


CONSERVATIVE PLAYER 


2560? 
SCHS 


6¢ 
AVERAGE PLAYER 


34 J A? 
DDCH 
15¢. 


Note that cards were assigned within 
stimulus pairs, so that the two hands did 
not share crucial H cards. For example, 
the pair 36QA and 25QK would not have 
been allowed. Similar precautions were 
taken with hands showing small pairs, 
possible straights, and possible flushes. 
Standard hand. In all the experiments 
the subjects judged the likelihood of 
beating the opposing hands with a stan- 
dard hand: a pair of 7s, 7D and 7H, 
with the three other cards not specified. 
This hand was chosen as the standard 
since it is about midway in the ranks of 
cards and allows the definition of LLLH 
and HHHH hands that are not also pos- 
sible straights. Subjects were instructed 
that in the event of a tie, their 7s would 


beat anyone else's 7s. 

Tole cards. Since the subjects m 
side-bets on the various stimulus pairs, it 
was necessary to assign a hole card to 
each stimulus hand. These hole cards were 


art of the stimulus design but they 
if the hole 


light of the 
ects could 
form as 


ade real 


not p: t 
were vitally important since, 
cards were not realistic in 

stimulus information, the subj 
not have been expected to per 


poker players. : 
In general, each experiment was set up 
so that 40 to 45% of the stimulus pairs 


were winners for the subjects, and 55 to 
60% were losers. Within this restriction, 
hole cards were assigned according to three 
heuristics: (a) for both conservative and 
average opponents, opposing hands with 
large bets were more likely to beat 7s 
than opposing hands with small bets; 
(b) for a constant bet amount, the con- 
servative opponent was more likely to 
beat 7s than the average opponent; and 
(c) for a constant bet and holding con- 
stant whether the hand beats 7s or does 
not, the conservative opponent usually 
held a better hand than the average op- 
ponent. These heuristics represent two 
generalizations that are of little empirical 
interest in their own right and that were 
assumed to be part of the basic knowledge 
of all poker players: First, although bluffing 
and sandbagging sometimes occur, large 
bets usually indicate strong hands, and 
second, although all players must bluff 
occasionally, conservative players usually 
require better cards for a given bet than 
average or risky players. 


EXPERIMENT 1 


Experiment 1 tested two hypotheses: 
First, that subjects integrate their likeli- 
hoods of beating individual opposing poker 
hands into a global likelihood of winning 
by a simple multiplicative process, and 
second, that they set the amount of a 
side-bet by betting proportional to their 
likelihood of winning. 

The hypothesized multiplicative inte- 
gration rule may be expressed mathe- 
matically as follows, 

SLcia; = (51) (51), (1) 


where SLc; is the subjective likelihood of 
beating the conservative opponent's hand, 
SL; is the subjective likelihood of beating 
the average opponent's hand, and SLo;i; 
is the subjective likelihood of beating them 
both. The various SLs are assumed to 


vary between zero and one. 


Information integration theory (Ander- 


son, 1974b) provides a simple procedure 
for testing this hypothesized integration 


rule. Consider a set of stimulus pairs con- 
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structed from a row by column, Con- 
servative-Opponent's-Hand X Average- 
Opponent’s-Hand, factorial design, and 
suppose that ratings of the likelihood of 
beating particular stimulus pairs, Келу 
will be linear with SZ¢;4; so that: 


Кел; = B(SLei)(SLaj) + a. (2) 


If the data are in fact perfectly multi- 
plicative, then for any column, 


Ёол; = B(SLc.)(SLa;) + о, (3) 


where Rc.a; is the mean of the jth column, 
SLc.is the mean of the subjective likeli- 
hoods of beating the conservative oppo- 
nent’s hand over all levels of i, SL; is 
the subjective likelihood of beating the jth 
level of the average opponent's hand, and 
а and В are scaling constants that relate 
the subjective response to the objective 
response scale. Thus, the mean of each 
column is linear with the subjective likeli- 
hood of beating the stimulus hand in that 
column, and similarly, the mean of each 
row is linear with the subjective likelihood 
of beating the stimulus hand in that row. 

Taken together, Equations 2 and 3 yield 
a simple graphical test of fit for the multi- 
plying rule: If the column stimuli are 
spaced along the abscissa according to 
their marginal means, then the data 
should plot as a fan of straight lines. 
Furthermore, if analysis of variance is 
applied to the data, there should be a 
significant interaction concentrated in the 
Linear X Linear component and a non- 
significant residual interaction. 

The test of the hypothesized propor- 
tional betting heuristic follows directly 
from the general test for multiplicativity. 


Basically, the rule for bets, В, is identical 
to that for the rating response, 


Вол; = B'(SLeiaj) + a! 
= B'(SLe:)(SLai) +a’, (4) 


except that in this case the values of о” 
and $’ are restricted by the experimental 
variables: a’ must he equal to the amount 
of the ante, since the player must pay 
this even when he is sure he will lose, 
and В’ must be equal to the maximum 


allowable bet minus the ante, since their 
sum is the amount the player should bet 
if he is certain of winning. 


Method. 


Experienced poker players twice judged the 
likelihood of beating pairs of opposing hands with 
a standard pair of 7s: First, they rated the likeli- 
hood directly, and second, they made bets against 
the pairs of opposing hands. 

Stimulus design. Pairs of stimulus hands were 
produced using the 3 X 12 Conservative-Opponent's- 
Hand X Average-Opponent's-Hand factorial design 
shown in the top panel of Figure 1. The stimulus 
hands were described by the four upcards in the 
hand, the playing style of the opponent holding 
the hand, and the amount bet on the hand. Each 
hand was printed separately on a 4 X 6 index card. 
A notary seal represented the hole and concealed 
à strip of paper listing the hole card. 

Procedure. The subjects were run individually 
in two 1-hour sessions. In the first session, the 
experimenter explained the experimental format 
and the various stimulus codes. The stimulus 
hands were presented to the subjects as repre- 
sentative of hands that might occur in real poker 
games. The experimenter stressed that the hands 
in each pair had come from different games and 
had not been played against each other, and that 
the subject would not be told what hands the 
opponents were looking at when they played the 
stimulus hands or why the betting had stopped 
at the amounts shown on the stimulus cards. The 
subject's task was to rate how likely he would be 
to beat both of the opposing hands with a pair 
of 7s. The ratings were given on a 200-mm graphi- 
cal response scale that ran from "certain to win" 
to "certain to lose." Each of the 36 experimental 
pairs was rated twice. At no time during the rating 
session were the hole cards of the experimental 
pairs revealed. 

In the second session subjects saw the same 
36 stimulus pairs. This time they responded to 
the pair by making a side-bet with the experi- 
menter on whether they could beat both opposing 
hands with a pair of 7s. The dependent variable 
was the amount the subject chose for the side-bet, 
from a 1¢ ante to a 30€ maximum. If the subject 
won the bet, the experimenter would pay him the 
amount of the bet; if he lost, he would pay the 
experimenter the amount of the bet. Each subject 
provided side-bets for four replications. After each 
replication, six stimulus pairs were selected at 
random, the hole cards were revealed, and the bets 
were paid off or collected. 

Subjects. The subjects were 10 male students at 
the University of California, San Diego, who 
replied to a newspaper advertisement asking for 
poker players. For Session 1, the subjects were 
paid a flat rate of $1.88. For Session 2, the subjects 
were paid $1 plus winnings, which varied between 
256 and $2 depending on the luck and skill of 
the subject. 
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Results 


The results for the rating and betting 
conditions of Experiment 1 are shown, 
respectively, in the top and bottom panels 
of Figure 1. In both panels the average 
opponent’s hand is spaced along the ab- 
scissa according to marginal means. The 
dots are data and the lines are best-fitting 
predictions from Equations 2 and 4.? 

Graphically (see Figure 1), the multi- 
plying rules seem to fit the data quite 
well: The average absolute deviations be- 
tween predicted and obtained are 3.80 mm 
(1.06 standard errors) for ratings and .66¢ 
(1.18 standard errors) for bets. To confirm 
this good fit, individual analyses of bi- 
linearity were performed for each subject 
for both rating and betting conditions. 
The results are given in Table 1. For the 
rating data, 9 of the 10 subjects show 
highly significant bilinear interactions. 
However, of these 9 subjects, 3 show small 
but statistically significant residual inter- 
actions that are not consistent with a 
strictly multiplicative model. For the bet 
data, the results are similar: All 10 sub- 
jects show large and significant bilinear 
interactions, but 4 also show significant 
residual interactions. 

The cause of the sig 
not readily apparent. For the most part, 
graphical inspection of the interactions 
revealed only unsystematic deviations from 
bilinearity, which might reflect no more 
than minor procedural problems, such as 
limited practice or number biases in the 
bet response. There were two exception 
however. For Subjects 6 and 10 there were 
small end effects in the bet condition : 
The last four data points in the top row 
were all at the maximum response of 30¢. 


nificant residuals is 


Discussion 

Ratings. The rating data bear directly 
on the process for integrating information 
from two opposing stimulus hands. They 
tend to support the hypothesized multi- 
plicative rule, and they are consistent with 
earlier research by Shuford (1959) on 
subjective probabilities for compound 
events. 
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TABLE 1 
LINEAR X LINEAR ANALYSIS FOR EXPERIMENT 1 
Rating data Bet data 
zum S m 5 
Subject FUSS) FOLS РОЮ PON 108) 
1 49.36* 1,01 312.71* 37 
2 45.56* 1.35 308.24* .66 
3 10.63* 72 39.24* 1.02 
4 18.63* 231° 133.10* 1.04 
5 14:57% 10.98% 70.44% .89 
6 41.04* 1.30 107.90* 2.04* 
7 74.78" 1.21 230.33* 2.09* 
8 11.44* 1.68 23132 S187 
9 .20 .93 140.66* .66 
10 109.65* 1.96* 207.51*  4.70* 
жр < .05. 


The data also bear indirectly on the 
process for evaluating subjective likeli- 
hoods. The good fit of the multiplicative 
rule implies that opposing stimulus hands 
do not interact with one another during 
evaluation; that is, evaluation of the 
likelihood of beating a particular opposing 
hand is not affected by the context of the 
opposing hand with which it appears. 
This fact has two important consequences: 
First, it will simplify the experimental 
analysis of the evaluation process, and 
second, it demonstrates the unity and 
robustness of the subjective likelihoods 
that result from stimulus evaluation. 

Beis. The bet condition required both 
evaluation and integration of information 
from two opposing hands. However, the 
required response was a bet amount that 
did not constrain the evaluation and inte- 
gration processes to be identical with those 
in the rating task. In Equation 4, the 
evaluation and integration processes are 


— Р 
2 Best-fitting predictions for multiplicative proc- 
esses can be obtained using marginal means pro- 
vided one knows the value of a, the additive 
constant. For the bet data, а was constrained to 
be 1; no similar constraint existed for the rating 
data, so œ was estimated visually to be 25 mm. 
Given these estimates of a, best-fitting predictions 
from the models were derived using the marginal 
means of the data according to the equation : 


(Ёол) — e) (Reia: — а) +a 


(Re.a. == @ 


Peiaj = 


prediction, Re.aj and Reia, are 


where Pcia; is the i 
and Re.a. is the grand mean. 


the marginal means, 
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assumed to be the same as for the rating 
task, and the bet itself is assumed to be 
a simple linear function of the subjective 
likelihood of winning. This implies that 
the data should be practically identical 
for the two conditions. However, three 
other possibilities exist : 


1. The bet could be some nonlinear 
function of subjective likelihood, in which 
case the data would not be bilinear. As an 
example, one might maximize expected 
value, betting the maximum whenever 
SLeiaj is greater than .5 and betting the 
minimum whenever SZc;; is less than .5. 

2. The integration rule for betting could 
be nonmultiplicative. For example, one 
might attend only to the more threatening 
hand. 

3. The evaluation process might differ 
for bets producing different subjective 
likelihoods under the two conditions. 


The data of Figure 1 bear directly on 
the first two possibilities. The overall 
similarity between the two panels provides 
provisional support for the hypothesis that 
the multiplicative integration rule holds 
for bets as well as for ratings, and the 
small within-cell standard deviation for 
single subjects (3.454) confirms that the 
result holds for the individual replication 
and does not reflect averaging over some 
all-or-none process. Furthermore, the same 
bet-rating similarity also supports the hy- 
pothesis that the bet-amount is a simple 
linear function of the subjective likelihood 
of winning. 

The third possibility can be examined 
using functional measurement (Anderson, 
1970). Having obtained provisional sup- 
port for multiplicative integration rules 
for both bets and ratings, the marginal 
means of the data can be used as interval 
level estimates of the subjective likelihoods 
of beating the various stimulus hands (see 
Equation 3), and these can be compared 
directly across the two conditions to see 
whether differences have occurred. 


In Figure 1, the marginal means for 
the average opponent's hands are repre- 
sented by the spacing of the hands along 
the two abscissas, Overall, there is good 
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correspondence between the two sets of 
means: The correlation between them 
is +.96. Thus, it is unlikely that the 
evaluation process is much different for 
betting than for rating. However, sizable 
differences do occur in spacing and even 
ordering for a few of the hands, and these 
probably reflect real differences in the 
relative importance of information under 
the two response conditions, as has been 
demonstrated in another context by Lich- 
tenstein and Slovic (1973). 


EXPERIMENT 2 


Evaluation of the subjective likelihood 
of beating an opposing hand requires at 
least two subprocesses: 


1. Each stimulus item must be inter- 
preted in terms of the extent to which it 
implies a strong or a weak hand. Such 
interpretation may be simple or not, de- 
pending on whether the information is 
directly scalable on the dimension of 
beatableness. For example, the raw proba- 
bility information provided by the upcards 
bears directly on beatableness. In contrast, 
the playing style of the opponent is not 
directly related to beatableness but, in- 
stead, modifies the meaning of other in- 
formation such as bet amount. 

2. After the stimulus items have been 
interpreted, they must be combined into 
the overall subjective likelihood of beating 
the hand. This could involve any of several 
possible combination rules: adding, aver- 
aging, or multiplying, for instance. 


Experiment 2 was designed to provide 
preliminary data on these subprocesses. 


Method 


Experienced poker players judged the likelihood 
of beating single opposing hands by making bet 
that the hands could be beaten by a pair of 75. i 

Stimulus design. Each opposing hand was ae 
scribed by the four upcards in the hand, the playin 
style of the opponent holding the hand, and he 
amount bet on the hand. Five different stimu 
replications were constructed for the 2 X 4 io: 
Opponent-Style X Bet-Amount X Upcards fee 
rial design shown in Figure 2. The stimulus he 
were printed on 4 X 6 index cards identica he 
those of Experiment 1 and were presented tO 
subjects one at a time. 


| 
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Procedure. The instructions for Experiment 2 
were similar to those for Experiment 1. The ex- 
perimenter described the various types of informa- 
tion in the stimulus hands and instructed the 
subject that his task would be to make bets be- 
tween 1¢ and 2568 as to whether he could beat 
single opposing hands with the standard pair of 7s. 
The hands from the risky opponent were played 
first and then the hands from the conservative 
opponent. After bets were complete for each repli- 
cation, a sample of hands was selected at random, 
the hole cards were revealed, and the bets were 


paid off or collected. 

Subjects. The subjects were 11 male students at 
the University of California, San Diego, who 
replied to a newspaper advertisement asking for 
poker players. They were paid a flat rate of $1 
plus winnings, which varied between 50¢ and $3 
depending on the luck and skill of the subject. 


Results 


The results of Experiment 2 are shown 
in Figure 2. The data for the risky and 
conservative opponents are in the left and 
right panels, respectively. The upcards are 
listed along the abscissa in increasing order 
of objective probability of beating a pair 
of 7s. The row parameter is the amount 
bet on the hand by the opposing player. 
The data for 18-20¢ bets and 23-256 bets 
are pooled, since there was no significant 
difference between them, F(1, 180) = .45. 

Visual inspection of Figure 2 reveals 
that all three factors influenced the sub- 
jects’ bets: The mean bet varied inversely 
with the conservativeness of the opponent- 
style, /(1, 10) = 59.63, and the amount of 
the opponent's bet, /(3, 30) = 81.62, and 
nonmonotonically with the objective threat 
of the upcards, 7(6, 60) = 14.45. In ad- 
dition to the main effects, there were three 
significant interactions. The Opponent- 
Style X Bet-Amount interaction, F(3, 30) 
— 3.33, appears in Figure 2 as the dif- 
ference in spacing between the correspond- 
ing rows of the two panels. The Bet- 
Amount X Upcards interaction, F(18, 180) 
= 2.06, appears as the nonparallelism of 
the rows within each panel. The Opponent- 
Style X Bet-Amount X Upcards inter- 
action, F(18, 180) = 1.90, appears as the 
slope difference between corresponding 
rows of the two panels and reflects, at 
least in part, a floor effect for the con- 
servative opponent. 
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, FIGURE 2. Mean bet data for risky and conserva- 

tive conditions of Experiment 2. (See Figure 1 
caption for the definitions of the abbreviations 
used.) 


Discussion 


Nonmonotonic processing. The data of 
Experiment 2 are most striking for the 
nonmonotonic relationship between the 
objective threat of the upcards and the 
amount of the subject's bet. For the pos- 
sible pairs, LLLH, LLHH, LHHH, and 
HHHH, the mean bet decreases mono- 
tonically with the objective probability 
that the hand is better than a pair of 7s. 
However, nonmonotonic increases occur 
for the small pair, SP; the possible straight, 
/LLLH/ ; and the possible flush, (HHHH). 

Either or both of two mechanisms could 
account for this data. First, the non- 
monotonicity could reflect a bias in the 
subject's model of the mathematical struc- 
ture of the game. Two types of probability 
are important in stud poker: Simple 
probabilities are relevant before the deal, 
and conditional probabilities are relevant 
after. For example, the simple probability 
of dealing a flush is 5,108/2,598,960 or .002. 
However, once four to a flush have been 
dealt, the conditional probability of filling 
the flush is 9/48 or .19. It may be, there- 
fore, that subjects fail, at least in part, 
to consider the larger conditional probabil- 


3'The side-bet range was intended to be 1¢ 
to 25€. Inadvertently, however, four subjects used 
a 1é to 30¢ range. This small difference in response 
scale does not bear on any of the results to be 
discussed and will be ignored. 
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ities when the upcards allow the possi- 
bility of rare hands, like flush, straight, 
two-pair, or three of a kind. 

Second, the nonmonotonicity could re- 
flect active strategic discounting based on 
the subject's model of the opponent. 
Bluffing is central in poker. Every player 
must bluff at least occasionally and must 
also watch for bluffs from his opponents. 
Suppose that the player incorporates this 
generality into a model of the following 
sort: The opponent's bet is assumed to 
vary directly with the actual strength of 
the hand and the bluffableness or potential 
strength of the hand, so that opponent's 
bet = (hand strength) + (hand bluffable- 
ness). Since the subject knows the amount 
of the opponent's bet and the potential 
strength of the opponent's hand, he can 
approximate a solution for the actual 
strength of the opponent's hand. This 
could produce the nonmonotone pattern 
of Figure 2. For example, since LHHH 
can be at best a pair, it has relatively low 
bluffableness value: It warrants a high bet 
only when its actual strength is high, that 
is, when it is in fact a pair. In contrast, 
/LLLH/ can be at best a straight and 
therefore has high bluffableness value: It 
warrants a high bet even when its actual 
value is negligible. Thus, if the bet- 
amount is held constant, the subject 
should approximate {һе actual hand 
strength to be greater for LHHH than for 
/LLLH/ and should, therefore, bet less 
against LHHH than against /LLLH/. 

Monotonic processing. Figure 2 empha- 
sizes the nonmonotonic relationship be- 
tween the objective threat of the upcards 
and the subjects’ bets, However, the data 
also reveal a monotonic relationship be- 
tween upcards and bets: Within each 
basic hand type, that is, hands that could 
be at best a pair and hands that could 
be better than a pair, the mean bet is a 
decreasing function of the objective threat 
of the upcards. For example, pooling over 
opponent-style, the means for LLLH, 
LLHH, LHHH, and HHHH are 15.304, 
11.584, 10.216 and 9.068, respectively, and 
the means for SP, /LLLH/, and (HHHH) 
аге 13.164, 12.908, and 10.554, respectively. 
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This monotonic relationship is especially 
interesting if the nonmonotonicity in Fig- 
ure 2 reflects a bluff-discounting process. 
Hands that have high bluffability allow 
the possibility of rare and powerful hands. 
However, in most cases, these same hands 
also have high objective likelihood of 
being good hands. For example, (LHHH) 
is a high-bluffable hand, since it allows 
the possibility of a flush, but it is also 
objectively threatening, since there are 
18 cards in the deck that will make it 
better than a pair of 7s. Thus, the subject 
must reconcile bluffableness information 
that decreases threat with probability in- 
formation that increases threat. 

In this regard, the data provide some 
evidence about how subjective threat and 
bluffableness grow with objective threat. 
LLLH is a low-threat, low-bluffable hand : 
Adding a possible straight, /LLLH/, in- 
creases both threat and  bluffableness. 
Since the mean bet is greater for LLLH 
than for /LLLH/, the increase in sub- 
jective threat must have been greater 
than the increase in bluffableness. In con- 
trast, HHHH isa high-threat, low-bluffable 
hand; adding a Possible flush, (HHHH), 
again increases both threat and bluffable- 
ness. Now, however, the mean bet is 
greater for (HHHH) than for HHHH, 
indicating that the increase in bluffable- 
ness must have been greater than the 
increase in subjective threat. Assuming 
that there is no important difference be- 
tween possible straights and possible 
flushes, the data imply at least that the 
subjective threat function increases to 
asymptote more quickly than the bluff- 
ableness function. 

Scalar processing. In Figure 3 the data 
are pooled over upcards to show the sig- 
nificant Opponent-Style X Bet-Amount 
interaction. Bet-amounts are spaced along 
the abscissa according to marginal means. 
The dots are data; the lines are predictions 
from the linear regressions of the data for 
Conservative style and risky style on the 
marginal means. 

Two features of the data deserve com- 
ment. First, the data plot as approxi- 
mately multiplicative functions of the 
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marginal means for bet-amount, suggesting 
that playing style is used to scale the 
actual bet-amounts into subjective units. 
Scalar processes of this type are poten- 
tially important as general mechanisms 
for integrating information that does not 
lie on a common dimension. Second, as- 
suming а scalar process, the marginal 
means of the bet-amounts are functional 
scale values of the subjective bet-amounts. 
As might be predicted from classical 
utility curves, these are a decreasing func- 
tion of actual bet-amount. 


EXPERIMENT 3 


Experiment 3 has four parts: Part 1 
replicates the test of the multiplicative 
rule for the two-hand integration task, 
Parts 2 and 3 test the mathematical bias 
and the bluff-discounting hypotheses for 
the nonmonotonicity in Figure 2, and 
Part 4 tests the rule describing the com- 
bination of upcard and bet-amount in- 
formation in the evaluation process. 


Part 1: The Multiplicative Integration Rule 


The data from Experiment 1 generally 
supported a multiplicative rule for the 
two-hand integration task. However, there 
were several significant deviations from 
the rule at the individual subject level. 
Part 1 of Experiment 3 replicates the bet 
condition of Experiment 1 with four pro- 
cedural improvements: (a) practice was 
increased, (b) high and low anchor stimuli 
were added, (c) stimulus replications re- 
placed fixed stimulus hands, and (d) rep- 


lications were increased. 


Part 2: Mathematical Biases in Subjective 
Likelihoods 

The hypothesis that subjects under- 
estimate the conditional likelihood of rare 
hands predicts that the discrepancies be- 
tween the subjective and objective likeli- 
hoods of beating potentially rare hands 
will be more positive than the discrepan- 
cies between the subjective and objective 
likelihoods of beating potentially common 
hands. This prediction can be tested di- 
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Ficure 3. Mean bet data for Experiment 2 pooled 
over upcards. 


rectly provided that two conditions are 
met: 

1. The effects of the hypothesized mathe- 
matical bias must be isolated from the 
potentially confounding effects of bluff- 
discounting. This can be accomplished by 
using hands like: 

? 


60A 
SDC 


NO DATA, 


nw 


which specify only upcard information. 
For these hands, hole cards are assigned 
at random. If the card produces a hand 
that beats 7s, the subjects lose; if not, 
they win. Thus, such hands require eval- 
uation of only the objective threat of 
the upcards. 

2. The measures of subjective likelihood 
must be on an interval or ratio scale. 
This can be achieved by using the two- 
hand task as a vehicle for scaling the 
subjective likelihoods of beating single 
hands. The hands to be scaled, for exam- 
ple, the set of NO DATA hands, are assigned 
as the levels of one factor, the target 
factor. These are combined factorially with 
hands from a dummy factor, whose purpose 
is to provide a test of the multiplicative 
integration rule. If the data demonstrate 
the necessary bilinear interaction, the 
marginal means for the target factor are 
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interval scale measures of the subjective 
likelihoods of beating the target hands 
(see Equation 3). Furthermore, if the 
target factor contains anchor hands that 
can be assigned the values zero and one, 
the marginal means can be transformed 
to ratio scale measures of subjective 


likelihood. 


Part 3: Strategic Discounting of Bluffable 
Hands 


As was noted above, the bluffableness 
of a poker hand tends to be confounded 
with objective threat. This makes it im- 
possible to test the bluff-discount hypothe- 
sis by direct comparison of responses to 
high- and low-bluffable hands. Fortunately, 
another test is possible. 

Ordinarily, a poker player has three 
betting options: He can call, raise, or fold. 
However, if the player is bluffing, he can 
only raise or fold, since a call would 
require him to show his presumably losing 
hole card. Therefore, a call implies that 
a player is not bluffing. 

The test of the bluff-discount hypothesis 
rests on the differential impact of a call 
depending on whether the opponent is 
likely to be bluffing or not. If the opponent 
bets a moderately large amount on a low- 
bluffable hand, for example: 


AVERAGE PLAYER 
359802 
HCCH 

176, 


it is likely that he has something, usually 
a pair. The information that his bet repre- 
sents a call, as in: 


AVERAGE PLAYER 
3 5 8 Q? 
HCCH 

17¢ 
CALLED, 


15 superfluous, and there 
difference in the 


beating the two f 


should be little 
subjective likelihoods of 
orms of the hand. How- 


ever, if the opponent bets the same amount 
on a high-bluffable hand, for example: 


AVERAGE PLAYER 
23x yx 
SSSS 

17¢ 


he might be bluffing. The information that 
his bet represents a call, as in: 


AVERAGE PLAYER 
24JK? 
25855 

17¢ 
CALLED, 


is highly meaningful, since it eliminates 
the possibility of a bluff. Thus, it should 
produce a significant reduction in the 
subjective likelihood of beating high-bluff- 
able hands. 

Note that this test also requires interval 
or ratio level measures of subjective likeli- 
hood. These can be obtained using the 
two-hand functional measurement proce- 
dure outlined above. 


Part 4: The Combination of Bel-Amount 
and Upcards 


Both bet-amount and upcards convey 
information about the likelihood that an 
opposing hand can beat a pair of 7s. 
This information can be concordant as in: 


144807 
SCDD 


3f, 


or it can be contrary as in: 
24 5 07? 
SCD D 
22¢. 


Whatever the information, the player must 
combine it to arrive at an overall pueri 
ation of the likelihood of beating a iane. 

The particular combination rule a playe 
uses is part of his model of the game an 
reflects certain basic assumptions abou 
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the structure and meaning of the available 
information. In general, such combination 
rules are divisible into two categories: 
algebraic rules and configural rules. 

Algebraic rules. In an algebraic rule, 
each item of stimulus information is as- 
signed a scale value along a relevant di- 
mension, and then the individual scale 
values are combined according to some 
simple algebraic process. In the case of 
bet-amount and upcards, three different 
algebraic processes are defensible оп psy- 
chological grounds. These are averaging, 
adding, and multiplying: 


1. In an averaging process, the player 
considers bet-amount information and up- 
card information to provide independent 
estimates of the general beatableness of 
the hand. To the extent that the estimates 
disagree, compromise is required and the 
overall evaluation of beatableness will lie 
of necessity between the component 
evaluations. 

2. In an adding process, the player con- 
siders bet-amount information and upcard 
information to bear on different aspects 
of beatableness. Consequently, there is no 
reason to expect agreement between the 
items, and the overall evaluation of beat- 
ableness can lie either between or outside 
the component evaluations, depending on 
the particular situation. 

3. In a multiplying process, the player 
considers bet-amount information and up- 
card information to bear on the general 
beatableness of the hand, just as in aver- 
However, the dimension of evalu- 


aging. 1 
ation is not simple beatableness, but 15 
specifically the subjective probability of 


beating the hand, given bet-amount or 


upcards. In this case, overall evaluation 
requires a multiplicative process: To the 
extent that either component evaluation 
is low, the overall subjective probability 
of beating the hand must also be low. 


The essence of a con- 
t stimulus meaning 1s 
with context. 


Configural rules. 
figural rule is tha 


not constant, but varies 
Configural stimulus interactions range from 


completely idiosyncratic effects for partic- 
ular items to systematic effects like as- 


similation and contrast. In the case of 
bet-amount and upcard information, one 
type of configural process is particularly 
plausible. This is an optimal matching 
rule: The player considers the set of pos- 
sible hand types defined by the upcards 
and decides which hand is most likely to 
have produced the given bet-amount. For 
example, 


69 A? 
HHH 
106 


ia) N 


can produce an ace-high no-pair, pairs of 
2s, 6s, 9s, or aces, or a flush. A player 
using optimal matching may consider a 
10¢ bet to be too small for a flush, too 
large for a no-pair, and just right for an 
intermediate pair like 6s or 9s. 
Experimental tests. Part 4 of Experi- 
ment 3 was designed principally to test 
between averaging and adding processes 
for the combination of bet-amount and 
upcards. If responses to NO DATA hands, 
ranging from low threat to high threat, 
are compared graphically with responses 
to the same upcards combined with an 
intermediate bet-amount, averaging and 
adding processes are clearly distinguishable. 
In an adding process, the NO DATA curve 
will lie either entirely above or entirely 
below the intermediate bet curve, depend- 
ing on whether the subjective value of the 
particular bet-amount is slightly positive 
or slightly negative. In an averaging proc- 
ess, a crossover will result: For low-threat 
upeards, the intermediate bet-curve will 
lie below the NO DATA curve, whereas for 
high-threat upcards, the intermediate bet 
curve will lie above the No DATA curve. 
The averaging-adding test is qualitative 
and requires only ordinal response mea- 
sures. In contrast, testing between adding 
and multiplying calls for interval or ratio 
scale data. Often such data are not avail- 
able. However, in the present case, the 
two-hand functional measurement proce- 
dure can be used to get ratio scale mea- 
sures of the subjective likelihoods of 
beating the various hands, and these can 
be used to distinguish adding and multi- 
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plying. In an adding process, the No DATA 
curve will be parallel with the intermediate 
bet curve; in a multiplying process, the 
NO DATA curve and the intermediate bet 
curve will converge toward the high-threat 
upcards. 


Method 


For each of the four parts of Experiment 3, 
experienced poker players judged the likelihood of 
beating pairs of opposing hands by making bets 
that the hands could be beaten by a pair of 7s. 

Stimulus designs. The stimulus designs for the 
four parts of the experiment were each two-way 
Average-Opponent's-Hand X Conservative-Oppo- 
nent’s-Hand factorial designs. (The codes for the 
particular stimulus hands are shown in Figures 4 
through 7.) Taken as a group, the designs included 
four types of stimulus hands: (a) standard hands, 
composed of upcards, opponent-style, and bet- 
amount; (b) CALLED hands, which are standard 
hands with "CALLED" added under the bet-amount 
to indicate that the bet represents a call; (c) No 
DATA hands, composed of upcards and the words 
“No DATA" to indicate that the hole card has been 
assigned at random; and (d) scaling anchors, 
which define the zero and one points on the dimen- 
sion of subjective beatableness. The low scaling 
anchor is an unbeatable pair higher than 7s (HP) 
combined with a 23¢ bet-amount. The high scaling 
anchor is an LLLH hand combined with a 1¢ 
bet-amount. 

Each of the designs allows both a test of the 
multiplicative integration rule and functional 
scaling of the stimulus hands. For Part 1, the 
objective was the test of the integration rule; for 
Parts 2, 3, and 4, the objective was the functional 
scaling of sets of target hands, 

Stimulus sets. Five different stimulus replica- 
tions were constructed for each of the four basic 
designs. Then pairs that included only standard 
hands, NO DATA hands, and scaling anchors were 
intermixed to form five stimulus sets, T] ese were 
designated no-cause sets, since for each pair, neither 
hand specified why the betting had stopped. Pairs 
that included caLLep hands were intermixed with 
pairs from a pilot study not reported here to form 
five other stimulus sets, "These were designated 
cause sets, since the average opponent's hand 
specified why he had Stopped betting. In addition 
to CALLED, the causes given in the pilot study 
included: FOLDED, indicating that the opponent 
had folded after one or more rounds of betting; 
WAS CALLED, indicating that one or more players 
had called the opponent; and LAST IN POT, in- 
dicating that all players except the opponent had 
dropped out of the pot. 

Warm-up pairs were added at the beginning of 
each stimulus set and response anchors were dis- 
tributed throughout the set. Counting these, the 
no-cause sets each consisted of 150 stimulus pairs, 
including 126 experimental pairs; the cause sets 
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each consisted of 100 stimulus pairs, including 
24 experimental pairs. 

Procedure. Experiment 3 required approximately 
15 hours per subject and was run in 12 sessions 
spanning a period of 3 to 4 weeks. The subjects 
were run in small groups for Session 1 and indi- 
vidually for Sessions 2 through 12. In the first 
session, small groups of subjects and the experi- 
menter played the modified game for about 1 hour. 
The second session was devoted to instructions 
and practice. For Sessions 3 through 7, the subject 
played two different no-cause sets each day, and 
for Sessions 8 through 12, the subject played two 
different cause sets per day. This gave 10 replica- 
tions per subject for each of the four designs. 

The stimuli were presented to the subject on 
a Video Systems Corp. (Model 2000) video ter- 
minal interfaced to а PDP-12 computer. The 
subject responded by typing the amount of his 
bet on a keyboard located immediately beneath 
the screen, During the experimental sessions, ap- 
Proximately 25% of the hands were chosen at 
random, and the hole cards were revealed, The 
winner was specified, and the computer kept track 
of the subject's wins and losses. 

Hole cards. The test of bluff-discounting required 
that subjects’ responses reflect their models of the 
game and the opponent, and not the payoff struc- 
ture of the experiment. For this reason, winning 
and losing hole cards were assigned throughout 
the experiment in accord with the size of the bet 
and the playing style of the opponent but inde- 
pendent of the upcards. For example, for hands 
where the conservative opponent bet 15%, hole 
cards were distributed rectangularly across upcarc 
types, so that the conservative opponent won 50% 
of the hands and lost 50% of the hands, Similarly 
when the average opponent bet 154, hole cards 
were distributed rectangularly across upcard types 
so that the average opponent won 40% of the 
hands and lost 60%. 3 

In the cause condition, CALLED information in- 
creased the probability of the opponents beating /* 
by .20 evenly across all bet-amounts, and EODD 
information decreased the probability evenly by -20 
For WAS CALLED and Last IN POT hands, the proba- 
bilities were identical to those for standard hands, 
For the NO DATA hands, hole cards were assign’ 
so that the proportion of winners and losers ie 
all instances would be approximately equal to t 
expected proportion. ats 

Subjects. The subjects were seven male studen о 
at the University of California, San Diego, bre 
responded to an advertisement for poker play? е 
and who passed a simple poker examination. plus 
subjects were paid a flat rate of $1 per hour Fly 
the amount of their winnings, The final eed 
Pay for the 12 sessions varied between M ect: 
$2.46 depending on the luck and skill of the subj 
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rule. Figure 4 shows the results for Pé 
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pooled over subjects and replications. The 
dots are data and the lines are predictions 
from the marginal means of the group 
data (see Footnote 2). Overall the multi- 
plicative rule seems to fit the data quite 
well. 

To confirm this good fit, the individual 
data for each of the subjects were tested 
for bilinearity. These results, given in 
Part 1 of Table 2, strongly support the 
multiplicative integration rule: In every 
case, the Linear X Linear component is 
highly significant, and the residual is 
nonsignificant. 

The results also support the hypothesis 
that the subject sets his bet proportional 
to his subjective likelihood of winning. 
This is interesting from a functional point 
of view. In one way, the procedure is 
non-optimal: The subject could increase 
his expected gain per gamble by using a 
maximizing strategy. However, propor- 
tional betting yields a smaller expected 
variance per gamble than maximizing, and 
variance has often been cited as a major 
determinant of the subjective risk of a 
gamble (Coombs & Meyer, 1969; Pollatsek 
& Tversky, 1970; Rapoport & Stein, 1974). 
Thus, by betting proportional to his sub- 
jective likelihood of winning, the subject 
may be minimizing subjective risk. 

Parls 2-4: Bilinear tests and functional 
scaling. The data for the Dummy-Factor 
X Target-Factor designs of Parts 2. 3; 
and 4 were tested for bilinearity at the 
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Ficure 4. Obtained and predicted data for 
Part 1 of Experiment 3: Test of the multiplicative 
integration rule. (Note that the average opponent’s 
hands are spaced along the abscissa in accord with 
their marginal means. See Figure 1 caption for the 
definitions of the abbreviations used.) 


level of the single subject. The results are 
given in Parts 2, 3, and 4 of Table 2. 
In every case the Linear X Linear com- 
ponents are significant, and in 19 cases 
the residuals are not. The remaining two 
residuals are small and appear graphically 
to be nonsystematic. Since this is about 
what one would expect by chance, the 
results were taken as confirming bilinearity 
and permitting functional scaling of the 
various target hands. (Incidentally, these. 
good bilinear results argue that NO DATA 
and CALLED hands are comparable to 
standard hands in terms of their effect on 
the two-hand task. Although NO DATA and 
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TABLE 2 
RESULTS OF INDIVIDUAL BILINEAR ANALYSES FOR EXPERIMENT 3 
Part 1 Part 2 Part 3 Part 4 
ili esidud ili Residual Bilinear Residual Bilinear Residual 
Subject Ши аа rO 20) FO. 220) FG. 486) Е(33, 486) (1, 243) 2(15, 243) 
3 745 d 1.24 
* .80 155.34* 1.24 745.17* 2.96* 170.70 А 
2 Hen 1.09 10.51" 83 78.74% 101 4.26% 92 
3 18.43* 35 4.419* 1.19* 51.27* 1.07 13.65" 1.36 
4 128.37" 116 23.93% 1.51 75.24* 1.27 2101* — 10. 
26848* .70 388.27* 81 400.87* -70 109.45* . 1.84 
Э 158.58* 159. 5.96^* .88* 226.87* 1.30 207.05" 64 
7 i0546* — 32 28.52* 66 2.36% 87 75.60 kn 
he low scaling anchor, since it produces errorless data for the stimulus pairs in which 


jiffer in any important respect from those above. 
Since the purpose of Part 2 was to get functional 
‘ows of data were tested for bilinearity, 


_ Note. The analyses reported here exclude к} 
it oc "сев Wi run the r 
occurs, Analyses were also fects 3 and б in Part 2 showed 
est the multiplicative m 
1, 180) for bilinear and (8, 


1 the low anchor, but they did not ¢ 
strong ceiling effects. 
nodel per зе, the lower two т 
180) for residual. 
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OBJECTIVE LIKELIHOOD OF BEATING HAND 


FIGURE 5. Data for Part 2 of Experiment 3: 
Test of the mathematical-bias hypothesis. (See 
Figure 1 caption for the definitions of the abbrevia- 
tions used.) 


CALLED hands seem superficially to differ 
greatly from standard hands, the statis- 
tical analyses of bilinearity revealed no 
qualitative differences between the three 
hand types.) 

F'unctional scales were derived for each 
subject individually by linearly trans- 
forming the marginal means of each target 
factor, so that the subjective likelihood of 
beating the high Scaling anchor equaled 
1.00, and the subjective likelihood of beat- 
ing the low scaling anchor equaled .00. 
This was done separately for each of the 
10 replications in order to provide an 
error term for subsequent single-subject 
analysis. 

Part 2: The mathematical bias hypothesis. 
The results for Part 2 are shown in the 
two panels of Figure 5. The data are the 
functionally scaled. subjective likelihoods 
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of beating the No DATA hands listed on 
the abscissa; the line is the identity func- 
tion where subjective likelihood equals 
objective likelihood.* If mathematical bias 
occurs, then the subjective-objective dif- 
ference will be more positive for the po- 
tentially rare hands, LL/LL, SP, (LLLH), 
/LLHH/, and (LHHH), than for the po- 
tentially common hands, LLLH, LLHH, 
LHHH, and HHHH. 

The differences between subjective and 
objective likelihood were computed sepa- 
rately for each subject for each replication 
and were submitted individually to anal- 
yses of variance. Two tests are of interest: 
(a) a planned comparison of rare versus 
common hands and (b) an overall test of 
the mean difference (see Table 3). 

The results of the planned comparison 
are mixed. Subjects 2, 4, and 7 show 
significantly more positive differences for 
rare hands than for common hands (see 
top panel in Figure 5); the remaining four 
subjects show approximately equal dif- 
ferences (see bottom panel in Figure 5), 
This provides limited support for the hy- 
pothesis that the nonmonotonicities in 
Figure 2 reflect a tendency for subjects to 
underestimate the conditional likelihoods 
of rare hands. However, some nonmono- 
tonicity was apparent in the raw data for 
all 11 subjects in Experiment 2, so the 
possibility remains that part of the non- 
monotone effect may be due to bluff- 
discounting. 

The F ratios for the mean difference 
(see Table 3) show that Subjects 1, 4, 5, 
6, and 7 tend significantly to underesti- 
mate the likelihoods of beating all hands, 
as is apparent in Figure 5 in the tendency 
of the scaled data to fall well below the 
identity line. This underestimation is in- 
teresting in light of previous research on 
subjective probability. Although several 
Studies (Attneave, 1953; Cohen, 1960; 
Cohen, Dearnaley, & Hansel, 1956) have 


* The objective likelihood of beating a No DATA 
hand is simply the number of possible hole cards 
that would produce a hand poorer than a pair of 
75 divided by 42 (the total number of cards un- 
accounted for in the stimulus display). 
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LE 3 


PLANNED COMPARISONS FOR Parts 2, 3, AND 4 OF EXPERIMENT 3 


Part 25 Part 3 Part 4° 
d Mean difference 
Mean discrepancy - 
Gubjective — objective) r Fy ШЕЕ) Fy Faitterence 
О е versus 3 i i; vi NI Sz 
Subject Common Кае Common) Fiss ае aine Ne Крл 
1 —.36 —.40 3.20 1,249.62* 12 06 3.87* 
2 —.11 .06 12.00* .37 = as 1 a 
3 2108 100 16 18 0019 34 
4 —.24 —.04 16.00* 25.92* .00 .00 105 
5 3 Eye 100 429.75* 109 104 1224* 
6 3 —:08 186 4.37* 13 39 3.80 
7 219 m" 5.06* 16.68* 106 113 147 
т For both Fy and Р, df = (1, 81). Fos = 3.96. 
b For Fy, df = (1, 7 5 98. The data for Subject 2 were excluded from analysis in spite of good bilinear results. For 


ectation, 


this subject, and contrary to ех 


increased information increased his confidence in betting. This mi; 
pairs in general, and consequently for CALLED hands as well. 

* For Py, df = (1, 36). Fos = 4.1. 
жр < 05. 


shown that subjects tend to underestimate 
the probability of more likely events and 
overestimate the probability of less likely 
events, the present data appear graphically 
to indicate that the magnitude of the 
underestimation actually increases as the 
likelihood of beating the hand decreases. 

Part 3: The bluff-discounting hypothesis. 
The results for Part 3 are shown in the 
three panels of Figure 6. The eight sets 
of upcards are listed along the abscissa 
in order of increasing objective threat. 
Within each panel, the open circles rep- 
resent the subjective likelihood of beating 
the CALLED hands, and the closed circles 
represent the subjective likelihood of beat- 
ing the standard (no-cause) hands. 1f bluff- 
discounting occurs, the CALLED-standard 
difference will be greater for the high- 
bluffable hands, SP, (LLHH), /LLHH/, 
and (HHHH), than for the low-bluffable 
hands, LLLH, LLHH, LHHH, and 
HHHH. (Notice that the solid lines are 
directly analogous to the lower rows of 
Figure 2; thus, the nonmonotone pattern 
should appear in each of the panels of 
Figure 6.) 

The differences between 
CALLED and standard hands were com- 
puted separately for each subject for each 
replication and were submitted individu- 
ally to analyses of variance. The results 


homologous 


о the subjective likelihoods Ё 
hands, The only evidence that bears on this result is anecdotal. Subject. 


CALLED hands were uniformly higher than for standard 
pest 2 remarked that he liked the cause sets and felt that the 
ght have produced a response bias toward larger bets for cause 


of a planned comparison for high- versus 
low-bluffable hands are given in Table 3. 
Only Subjects 3 and 6 had significantly 
larger differences for high-bluffable hands. 
The differences for Subject 1 were signifi- 
cantly smaller, probably due to a floor 
effect; his data were grouped with the 
subjects who showed no significant effect. 
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HHH (LLHH) /LLHH/ (HHHH) 


Ficure 6. Data for Part 3 of Experiment 3: 
Test of the bluff-discounting hypothesis. (See 
Figure 1 caption for the definitions of the abbrevia- 


tions used.) 
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For Subjects 3 and 6 in the top panel 
of Figure 6, the evidence of bluff-dis- 
counting is striking: There is a strong 
nonmonotone pattern for the no-cause 
hands and an equally strong differential 
effect of CALLED information for the 
CALLED hands. For Subjects 4 and 7 in 
the middle panel of Figure 6, there is no 
bluff-discounting. Although the no-cause 
data are moderately nonmonotone, ap- 
proximately the same nonmonotonicity 
occurs for the CALLED data. Finally, for 
Subjects 1 and 5 in the bottom panel of 
Figure 6, there is also no bluff-discounting. 
However, in this case, there is little effect 
to account for, since the no-cause data 
are monotone decreasing for all hands 
except the small pair. 

These results are interesting in con- 
junction with the results of Part 2. Alto- 
gether, four subjects show the nonmono- 
tone pattern for standard hands: Subjects 
3, 4, 6, and 7. Of these, Subjects 4 and 7 
significantly underestimate the likelihoods 
of rare hands but do not show bluff-dis- 
counting. Contrarily, Subjects 3 and 6 do 
not underestimate the likelihood of rare 
hands but do demonstrate significant bluff- 
discounting. It is notable that underesti- 
mation and bluff-discounting did not occur 
in the same subject. However, this may 
reflect only the small sample size: There 
is no a priori reason why the two could 
not occur together. 

One further aspect of the data deserves 
comment. In Experiment 2, nonmono- 
tonicities occurred for small pairs, possible 
flushes, and possible straights. At the time, 
these seemed to reflect the same under- 
lying cause. However, the data for Part 3 
cast doubt on the equivalence of the three 
hand types in two ways. First, the bluff- 
discounting of Subjects 3 and 6 involves 
only possible flushes and possible straights. 
Second, all subjects show a nonmono- 
tonicity for small pairs, including Subjects 
1 and 5, who do not show it for either 
possible flushes or possible straights. 

In retrospect, it seems that the non- 
monotonicity for small pairs is caused dif- 
ferently than that for possible flushes and 
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possible straights. A hand showing a small 
pair is ambiguous: It is better than aver- 
age to begin with and potentially even 
better than that. It may be that when 
a moderately large bet-amount is given 
for a small pair, the subject attributes it 
to the pair already showing, rather than 
to the potential two-pair or three of a 
kind, and bets high because his 7s will 
beat the pair. Thus, when CALLED in- 
formation is added, it has little effect, 
since the subject has already decided that 
the small pair showing is the reason for 
the bet. 

Part 4: The integration of bet-amount and 
upcards. 'The results for Part 4 are given 
in the two panels of Figure 7. The open 
circles are the subjective likelihoods of 
beating the No DATA hands listed on the 
abscissa, and the closed circles are the 
subjective likelihoods of beating the ho- 
mologous standard hands. If the subjects 
combine information from  bet-amount 
(124) and upcards (LLLH, LLHH, LHHH, 
and HHHH) by adding, the standard—No 
DATA difference will be constant, inde- 
pendent of upcards. However, if averaging 
or multiplying occur, the differences will 
vary systematically with a crossover for 
averaging and a convergence toward high- 
threat upcards for adding. 

The differences between homologous 
standard and No pata hands were com- 
puted separately for each subject for each 
replication and were submitted individu- 
ally to analyses of variance. The results 
are given in Table 3. For Subjects 1 and 5; 
both statistical and graphical analyses 
support an averaging process: The char- 
acteristic crossover is clearly evident 10 
the top panel of Figure 7. For the re- 
maining five subjects, both statistical an 
graphical analyses support an adding 
process, as evidenced by the parallelis! 
of the 12€ and No DATA curves in the 
bottom panel of Figure 7. " 

This apparent prevalence of an additiv® 
combination rule for bet-amount and ий 
cards is notable, since adding process 
have been difficult to demonstrate à 
natural judgment situations (Anders"" 


b 
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1974a). While it is possible that adding 
occurs here because the two pieces of 
information do indeed bear on quite dif- 
ferent aspects of beatableness, other ex- 
periments with seemingly different sorts 
of information have still shown averaging 
(e.g., Lampel & Anderson, 1968). 


GENERAL DISCUSSION 


Modeling the Mathematical Structure of 
Poker 


Assessing conditional likelihoods. The 
data from Part 2 of Experiment 3 indicate 
that experienced poker players are often 
qualitatively accurate in assessing the 
likelihood of beating particular sets of 
upcards: For five of seven subjects, the 
subjective likelihoods vary directly with 
objective likelihoods. However, quantita- 
tively, there is an equally strong tendency 
toward underestimation. This qualitative- 
quantitative difference could reflect the 
use of a simple counting heuristic. If a 
player estimates the likelihood of beating 
a set of upcards by simply counting the 
number of its possible winning hole cards, 
he will be ordinally accurate. However, in 
so doing he may fail to attend sufficiently 
to the larger number of losing hole cards, 
and so may underestimate his own chances 
of winning. 

Integrating likelihoods. The data from 
both Experiments 1 and 3 indicate that 
experienced poker players use an appro- 
priate multiplicative procedure for inte- 
grating individual likelihoods into global 
likelihoods of winning, but the exact 
mechanism for this is as yet undetermined. 
One compelling possibility is serial frac- 
tionation. Suppose that a player begins 
each round with complete certainty of 
winning. After evaluating his first op- 
ponent's hand, this certainty is reduced 
by a factor proportionate to the opponent's 
likelihood of winning. Then, the player 
evaluates his second opponent's hand and 
reduces the remaining certainty again by 
a factor proportionate to the second op- 
ponent's likelihood of winning. This pro- 
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40 cn 
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ADDING 
.80 52,53 54, 56, 57 
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ннн HHHH 
UPCARDS 


LLLH 


Ficure 7. Data for Part 4 of Experiment 3: 
Averaging-versus-adding test for bet-amount and 
upcard information. (See Figure 1 caption for the 
definitions of the abbreviations used.) 


cedure is mathematically equivalent to 
multiplying the subjective likelihoods of 
beating the two opponents, but it is 
simpler, since it can be accomplished by 
direct analogical manipulation of subjec- 
tive quantity and without the need for 
numerical computation. 


Modeling the Psychological Nature of the 
Opponent 


Scaling information. Experiment 2 re- 
vealed a multiplicative interaction be- 
tween bet-amount and opponent-style. 
This suggests that players do not use 
playing style directly in their assessment 
of subjective likelihood, but rather they 
use it to scale bet-amount. Such a scalar 
process would be reasonable here, since it 
implicitly defines the style of an opponent 
as a variable that influences his monetary 
dealings, but not his luck in holding 


good cards. 
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Assessing credibility. In Part 3 of Ex- 
periment 3, two subjects reveal strong 
evidence. of discounting bet information 
when the opponent is likely to be bluffing. 
Similar discounting mechanisms have been 
suggested previously as means for dealing 
with low source credibility (Anderson, 
1971). However, in the present case, dis- 
counting is not a general mechanism ap- 
plied to all bets from a particular opponent, 
but is reserved for instances where the 
opponent is especially likely to be bluffing. 
This is sophisticated and clearly represents 
a model-based process that permits the 
player to consider the potential threat of 
a hand from both defensive and offensive 
points of view. 

Integrating evidence. Part 4 of Experi- 
ment 3 revealed sharp differences between 
subjects in rules for integrating bet- 
amount and upcards: Two subjects were 
averagers, and five were adders. While 
these rules have some formal similarity, 
they are quite different psychologically, 
and the use of one rather than the other 
may contribute to a player's perceived 
playing style. This may be seen most 
easily by considering how the two rules 
differ in their treatment of inconsistent 
and redundant information. 

Both averaging and adding are sensitive 
to qualitative inconsistency: If two items 
of information differ in sign, the response 
under either rule will be less extreme than 
to either item alone. However, averaging 
is also sensitive to quantitative incon- 
sistency and always yields a response that 
lies interior to the stimulus range. Adding 
is not as conservative in this respect: So 
long as the stimulus items are similar in 
sign, the response will be more extreme 
than to any item taken alone. 

, Similarly, averaging and adding differ 
in the conservativeness of their response 
to redundant information. Simple aver- 
aging processes do not respond to re- 
dundancy : The average of redundant 
information is identical to the information 
itself. In adding, however, redundant 
information has potentially limitless in- 
fluence: Unless ceiling effects or diminish- 


ing returns intervene, the addition of 
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redundant information will continue to 
increase the extremity of a result. 


Modeling Models 


Some years ago, Simon (1957) observed 
that in order to predict a person's behavior 
in some particular situation, we must 
understand his model of the situation. 
Clearly this is the case with complex 
decision making. While it is useful at 
times to compare human decisions with 
optimal decisions derived from prescrip- 
tive models, this is not sufficient for dis- 
covering the processes that produce human 
decisions. Instead, the decision maker must 
be taken on his own terms and studied 
in a descriptive framework that can en- 
compass his personal model of the world. 
(See, for example, Kahneman & Tversky; 
1973; Tversky & Kahneman, 1973.) 

The research presented here sheds some 
light on how models of the world function 
in the inference and decision making proc- 
esses of experienced poker players. It also 
suggests that previous work in decision 
making may have underestimated man's 
capacity to cope with complex and un- 
certain environments. While it is un- 
doubtedly true that people are severely 
limited in their ability to process informa- 
tion in unfamiliar environments, they are 
not equally hampered in environments for 
which they have developed adequate mod- 
els. Under these conditions, people dem- 
onstrate great skill in interpreting, trans- 
forming, organizing, and even augmenting 
incoming information as necessary t° 
produce stable and appropriate response? 
to complex stimuli. 


ë Redundant information will produce set si” 
effects in averaging if there is an initial impressi 
However, in contrast to adding, the set-size effec. 
will asymptote at the value of the redunda 
information and will never produce judgments t 
are more extreme than the components. 
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Limulus Psychophysics: Spectral Sensitivity of the Ventral Eye 


Gerald 5. Wasserman — 
University of Wisconsin—Madison, and Purdue University 


SUMMARY 


The ventral eye of Limulus contains only one type of photoreceptor. Behaviors 
mediated by the ventral eye provide an unambiguous representation of the func- 
tion of that single-receptor type. Such behaviors can be compared with the results 
of acute, single-cell investigations to assay for the contributions of candidate neural 
codes in the regulation of behavior (cf. Uttal, 1973). 

Using an unconditioned tail movement as the response, the psychophysical 
spectral sensitivity function mediated by the ventral eye of Limulus was mea- 
sured. This psychophysical function peaked at 525 nm and showed evidence of 
strong absorption by the cuticle in the short-wavelength portion of the spectrum. 
Under the conditions of the present experiment, the threshold was 4.5 quanta 
absorbed per receptor per msec at 525 nm. The spectral transmission of the 
ventral eye cuticle was also measured. After correction for cuticle absorption, the 
psychophysical spectral sensitivity function was compared with previously re- 
ported spectral sensitivity functions obtained either from clectrophysiologic 
(Millecchia, Bradbury, & Mauro, 1966; Nolte & Brown, 1970) or from micro- 
spectrophotometric (Murray, 1966) recordings from single, isolated ventral eye 
photoreceptor cells. All three functions exhibit a sensitivity peak near 525 nm; 
the corrected psychophysical and microspectrophotometric functions both display 
a second peak near 425 nm. A second experiment confirmed the reliability 
validity of the 425-nm peak. 

The coding implications of these findings were explored. A preliminary finding is 
that, in dichromatic or trichromatic visual sy 


and 


,in stems, two-peaked receptor spectral 
sensitivity functions produce central, opponent response systems that are quali- 
tatively the same as those produced by single-peaked receptors. 


In most visual systems individual nerve receptors, and they can be dissected out of 
cells are highly differentiated, and they the organism and studied in isolation. The 
are embedded in a complex network that use of such an acute, isolated preparation 
influences their own activity. Even verte- requires that one distinguish between 
brate cones have recently been found to be cellular events that are merely signs of 
electrically coupled with one another Over aclivity and events that are actually in- 
as much as five cone diameters (Baylor, volved in codes analyzed by higher levels 
Fuortes, & O'Bryan, 1971). Therefore, of the nervous system (cf. Uttal, 1973). 
some investigators interested in funda- The best test of the validity of such dis- 
mental aspects of photoreceptor function tinctions comes from studies of behaviors 
have Sought preparations wherein such that are mediated by the neural structure 
complex interactions were not present. in question. Activities that were only con- 
The ventral eye of Limulus provides such sidered signs would become obvious codes 
а preparation, because there appears to if they were found to affect behavior ап 
be only one class of ventral eye photo- vice versa. 


240 


E 


LIMULUS PSYCHOPHYSICS 


Studies of visually guided behaviors 
mediated by the ventral eye of Limulus 
therefore seem to be of interest. Little is 
known about the function of the ventral 
organ in relation to Limulus behavior: 
Patten (1893, pp. 27-29) reported that 
males exhibit components of mating be- 
havior when the ventral organ is stimulated 
electrically. We have found that stimulating 
the ventral organ by light elicits an un- 
conditioned, downward tail movement 
(Wasserman 1973b, 1973c; Wasserman & 
Patton, 1970). This tail movement has 
been used to study the dynamics of dark 
adaptation (Wasserman, 1975). 

The present investigation addressed the 
problem of spectral sensitivity. There have 
been several studies of the spectral sensi- 
tivity of isolated photoreceptors from the 
ventral organ of Limulus: Millecchia, 
Bradbury, and Mauro (1966) made an 
initial study of the spectral sensitivity of 
the light-elicited receptor potential, as 
recorded by an intracellular microelec- 
trode. Subsequently, Nolte and Brown 
(1970) made a more detailed investigation 
of that same problem. The results of the 
twostudiesusing the microelectrode method 
generally agree with each other. In addi- 
tion, studies of the photopigment(s) resi- 
dent in single ventral eye receptors were 
carried out by Murray (1966). Using 
Mark's (1965) microspectrophotometer, 
Murray measured the difference spectrum 
of the resident photopigment (s). 

These two different methods of deter- 
mining the spectral sensitivity of single 
photoreceptor cells did not yield identical 
results: Both microelectrode investigations 
found that the spectral sensitivity could 


This work was supported by funds provided by 
the Wisconsin Alumni Research Foundation through 
the University of Wisconsin Research Committee. 

I thank S. D. Carlson for his assistance with the 
microspectrophotometry; J. Nolte, W. S. Stark, 
and S. D. Carlson for their critical reading of the 
manuscript; and K -L. Kong, D. J. Collins, and 
G. Easland for their ance in the investigation. 

Requests for reprints should be sent to Gerald 
S. Wasserman, Sensory Coding Laboratory, 1 Jepart- 
ment of Psychological Sciences, Purdue University, 
1291 Cumberland Avenue, West Lafayette, Indiana 
47906. 


241 


be well described by a single-peaked func- 
tion with its maximum sensitivity near 
525 nm, although the action spectrum was 
slightly narrower than that required by 
Dartnall’s (1953) nomogram. However, 
the microspectrophotometric data exhibited 
two peaks: (a) one near 525 nm and (b) 
another peak near 425 nm, whose absorp- 
tion was reduced to a value half that of 
the principal peak. lf the best-fitting 
nomogram were used as a template, the 
absorption of the 425-nm peak was twice 
the value expected from a single-pigment 
system. This second peak was not con- 
sidered important by Murray, although 
it was 5 standard errors above the nomo- 
gram value. The microspectrophotometric 
data also departed from the nomogram in 
the long-wavelength part, as well as in the 
short-wavelength part, of the spectrum. 
At 625 nm, the discrepancy was 10%, 
which was 1 1/2 standard errors. Thus, 
the microspectrophotometric results were 
slightly broader than predicted by Dart- 
nall's nomogram. 

Marks's (1965) analysis of such varia- 
tions from the nomogram stressed the kinds 
of artifacts that can occur in microspec- 
trophotometric investigations, although no 
specific artifact was identifed as the 
source of the 425-nm peak by Murray 
(1966). Presumably, the 425-nm peak 
would have been taken as the sign of a 
photoproduct of the 525-nm photopigment 
formed during a spectral scan. Liebman's 
(1972) analysis of the technical and con- 
ceptual issues involved in microspectro- 
photometry describes a variety of other 
factors that can lead to random, as well as 
systematic, error. The 425-nm peak, there- 
fore, has not been considered to represent 
a sensory characteristic that actually 
affects the behavior of the organism. It 
seemed appropriate then, to study the 
psychophysics of this problem; a micro- 
spectrophotometric artifact that affected 
behavior would merit reconsideration. 

The question is a general one: Else- 
where (Wasserman, 1973a) I have sum- 
marized the evidence derived from a num- 
ber of microelectrode investigations ad- 
dressed to the problem of the spectral 
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sensitivity of single, invertebrate photo- 
receptor cells. The majority finding of 
those studies leads to the conclusions that 
(a) some invertebrate photoreceptors (8 
cells) have spectral sensitivity functions 
that display two peaks of roughly equal 
sensitivity and that (b) artifactual ex- 
planations are implausible. Prior expecta- 
tions were that all receptors would have 
spectral sensitivity functions that exhibited 
only one peak (a cells). Furthermore, the 
more recent application of digital com- 
putation techniques to the problem of 
vertebrate cone function suggests that 
goldfish cones are also 8 receptors and that 
the second peak is more variable than the 
principal peak (Harosi & MacNichol, 
1974). In most of these investigations, the 
second peak of a 8 photoreceptor has not 
been considered as part of a genuine 
neural code. Artifacts have usually been 
postulated without demonstration. The 
questions deserved a behavioral test, and 
the ventral organ of Limulus provided an 
ideal preparation for comparing behavioral 
and single-cell results, because the ventral 
organ of Limulus contains only one ho- 
mogeneous type of photoreceptor. Were 
there two or more receptor types, one 
would also require an accurate knowledge 
of their frequency and connectivity as well. 
In order to compare isolated single-cell 
and behavioral results, it is necessary to 
take account of structural factors involved 
in the selective absorption of light by the 
cuticle that overlies the photoreceptors. 
Figure 1 illustrates the structural features 
of the ventral organ as well as its relation 
to the rest of the organism. The ventral 
surface of a female Limulus is shown in 
Figure 1A, while an enlargement of that 
portion around the ventral organ is shown 
in Figure 1B. The ventral organ is deline- 
ated by the roughly rectangular area 
between the two small feeding claws 
(chelicerae). On superficial examination, 
the ventral organ is usually seen as lighter 
and yellower than the surrounding cuticle; 
a darker bump, whose prominence varies, 
is found in the center of the organ. 
Dissection of the ventral organ (Demoll, 
1914; Hanstrüm, 1926, 1928; Johansson, 
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1933; Patten, 1893) showed that it is 
innervated by two pairs of ventral nerves 
originating in the anterior brain, as in 
Figure 1C (which shows only that portion 
of the brain anterior to the oesophagus). 
The anatomy (as well as the physiology 
[Snodderly, 1971]) of this portion of the 
nervous system indicates that it is a visual 
processing area; nerves that originate in 
the large lateral compound eyes as well 
as in the median ocelli terminate here. 
(These other optic nerves are not shown in 
Figure 1.) The large lateral ventral nerves 
exhibit no significant branching. Single 
and multiple photoreceptor cells can be 
found anywhere along the length of the 
lateral ventral nerves; the largest number 
are at the distal end of the nerve. However, 
some photoreceptor cells are found at the 
proximal end of the nerve near the brain, 
while other cells are found at intermediate 
positions along the nerve (Clark, Millecchia, 
& Mauro, 1969; Fein & DeVoe, 1973; 
Millecchia & Mauro, 1969; Millecchia et al., 
1966; Murray, 1966; Snodderly, 1971). 
Electron microscopy of the photoreceptor 
cells shows that they are morphologically 
similar to other invertebrate photoreceptors 
in that they have a prominent microvillous 
rhabdomere (Clark et al, 1969). The 
median ventral nerves are smaller and 
fused ; they branch profusely and innervate 
chemoreceptors in the ventral organ cuticle, 
sparing the lighter zone over the distal 
end of the lateral nerve. 

Figure 1D shows a coronal section 
through the ventral organ system at the 
level of the ventral organ. The cuticle is a 
layered system that varies from 300 и! 
to 1,500 um in thickness. The outer cuticle 
is optically different from the inner cuticle. 
Examination of fixed sections showed that 
the outer layer fluoresces when illuminate 
with ultraviolet light; it can sometimes be 
seen to be frankly yellow under tungsten 
illumination. This yellow appearance was 
most noticeable at the ventral orga?" 
while the fluorescence could be seen any” 
where, even in the oesophageal lining 
The chemoreceptors also fluoresce. T ie 
third optically significant layer is the Фаг, 
pigment that underlies the cuticle. Th 
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FIGURE 1. 


A. Ventral surface of a female Limulus. 


(This animal measured about 15 cm 


ЧЕСТЕ А ааыа that portion of the ventral surface 
[ е : а ап, ghly rectangular area between the small 
feeding claws (chelicerae) is the ventral organ.) C. Neural structures subjacent to the ventral 
surface shown to the same scale as in Figure 1B. (Dotted lines delineate the ventral organ. Also 
shown are the optic lobe of the anterior brain, the large lateral ventral nerves and the fused medial 
ventral nerves. Photoreceptors are located along the lateral ventral nerves and contribute axons 
to it.) D. Coronal section through the ventral organ. (The inner and outer cuticle layers are 
shown as clear and cross hatched, respectively. The dark pigment is shown as a black zone and 


the lateral ventral nerves are shown as circles. 


ventral nerves are not shown.) 


amount of this pigment varies, and it 
apparently disappears within the lateral 
portion of the ventral organ, thereby pro- 
ducing the characteristic light appearance. 
The distal ends of the lateral ventral 
nerves are subjacent to the cuticle. The 
proximal portions of the lateral ventral 
nerves are more deeply situated. Super- 
ficial examination of the ventral surface of 
a variety of individual horseshoe crabs 
suggests that the extent and degree of 
pigmentation is highly variable. 

The foregoing structural features lead 
directly to the correction required for the 
threshold case; one would ordinarily ex- 
pect that threshold behavior would be 
mediated by those receptors most favor- 
ably situated with regard to the incident 
light. Such would be the case for those 
receptors located at the distal end of the 
lateral ventral nerves. Not only are these 


Chemoreceptors and fibers from the medial 


receptors not shielded by the dark pigment, 
but they are also covered by the thinnest 
cuticle as well as being subjacent to the 
cuticle. Accordingly, microspectrophotom- 
etry of the two layers of the cuticle and 
psychophysical measures of spectral sensi- 
tivity were both involved in the present 


study. 


METHOD 


The psychophysical technique used here was the 
same as that described in detail previously, unless 
otherwise specified (Wasserman, 1973b, 1975; 
Wasserman & Patton, 1970). Briefly, the animals 
were clamped into a harness that permitted only 
tail movements. A string was attached to the tail 
and to a sensitive potentiometer so that movements 
of the tail produced analog voltage signals. A gated 
analog detector produced a relay closure when the 
iti [ the tail changed by 6 mm from its 


sition ol | 
ion at light onset. A spring exerted an upward 
g force was 


biasing force on the tail. This 1 
adjusted at the beginning of each session by a servo 
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mechanism, which sought an elevated set point. 
This permitted the emission of the unconditioned 
response to light, which is a downward tail move- 
ment. The servo mechanism was disabled during 
data collection. Spontaneous responses in the 
absence of light were measured during a foreperiod 
that immediately preceded the light. 


Apparatus 


The only substantial apparatus change was the 
substitution of an ultraviolet-transmitting fiber 
optic light guide (American Optical ULGM-3-48). 
This light guide was .35 cm in diameter and was 
placed under the ventral organ at a distance of 2-3 
cm. The light emanating from the fiber optic guide 
diverged to illuminate a circular region approxi- 
mately 1 cm in diameter and centered on the ventral 
organ. Zeiss (Jena) interference filters were used 
to select spectral stimuli, and they were individually 
calibrated in a Beckman DK-2 spectrophotometer. 
These filters were placed in a collimated portion 
of the light beam, and they contained integral dye 
filters that blocked any side bands. Six stimulus 
wavelengths, nominally spaced at 50-nm intervals 
Írom 375 nm to 625 nm, were used. The true peak 
wavelengths of these filters were 379, 427, 476, 524, 
576, and 630 nm; they had half-peak bandwidths 
of 8, 11, 12, 4, 7, and 8 nm, respectively. Stimulus 
intensity was adjusted by a pair of counterbalanced 
neutral density Inconel wedges. Each stimulus 
wavelength was calibrated at every intensity setting 
by a Tektronix J16 digital radiometer equipped 
with a J6514 probe. The actual spectral calibration 
for this instrument was determined by Tektronix 
on two separate occasions, with virtually the same 
outcome. 


Animals 


As in previous work the animals used in this 
study were screened for the presence of the uncon- 
ditioned tail response. The same screening criterion 
was used, namely, that after 3 days of testing the 
animals had to respond to a suprathreshold tungsten 
light at a 75% or better level. Of the 24 animals 
screened, 8 met the above criterion. Only 6 of the 8 
completed one replication of the experiment, while 
4 completed two replications, and 1 completed 
three replications. Therefore, the spectral sensitivity 
function is based upon 11 replications of the experi- 
ment in 6 animals. The spontaneous response level 
was 5.9%, 


Procedure 


4 Since individual animals can only be used for a 
limited number of sessions before they cease to 
respond, it is necessary to use an experimental 
design that monitors and controls for possible 
changes in responsiveness, "The following design 
was used: Each session tested the response to one 
stimulus wavelength. The animal was dark adapted 
for 1 half hour before testing began. On the first 
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trial, the neutral density wedges were set to their 
maximum attenuation. On each succeeding trial, 
a stepping motor increased the intensity by approxi- 
mately .3 log units. Eleven trials, spaced at 120-sec 
intervals and covering an approximately 3.3-log-unit 
intensity range, were used in each session. The first 
session always used a 475-nm stimulus. The next 
5 sessions involved the presentation of the other 
five stimulus wavelengths in random order. The 
final session involved a repetition of 475 nm. These 
7 sessions constituted one replication of the experi- 
ment. If the performance on the final 475-nm check 
session indicated that the animal was no longer 
responding, the entire set of observations from that 
replication was discarded. The criterion for un- 
responsiveness was one response or less to the 6 
highest intensities. In the 11 replications, the mean 
ratio of the responses in the second 475-nm session 
to that in the first session was 1.08, indicating a 
slight improvement in the responsiveness of the 
animals during the course of the replications. 

Microspectrophotometry of the cuticle. A Zeiss dual 
beam microspectrophotometer (UMSP-1) was used 
for these measurements. Freshly removed blocks 
of tissue were sectioned in a cryostat without fixa- 
tion; 40-um sections were mounted on quartz slides 
in artificial sea water under quartz cover glasses. 
Identical but blank, slides were put in the micro- 
spectrophotometer reference beam. The 100% base- 
line was obtained from a clear area of the sample 
slide located 200 um from the sample tissue. The 
clear area and the cuticle sample were alternately 
measured on successive scans through the spectrum. 
Repeated scans showed that the tissue did not change 
after excision. The actual transmission was calcu- 
lated as the ratio of the nominal sample transmission 
to the nominal clear area transmission. The trans- 
mission was measured with either 13- or 20-um spots. 

It was not possible to measure the spectral ab- 
sorption of the dark-pigment granules that underly 
the cuticle. No readings above the noise level could 
be obtained using 2-um spots (which fall within the 
diameter of single-pigment granules). The trans- 
mission of the individual granules, therefore, can be 
no more than 1% at any point in the spectral range 
tested (350-650 nm). Scattering around the granules 
might increase the apparent transmission of the 
entire layer. 


RESULTS 


A representative set of microspectro- 
photometric scans of the outer cuticle are 
shown in Figure 2. For illustrative purposes: 
no filtering was employed. In most other 
scans, the high-frequency noise was elec 
tronically filtered. Table 1 gives mean trans- 
mission values for the outer and inner 
cuticle at the six stimulus wavelengths that 
are of interest. There is a reliable differ- 
ence between the outer and inner portion? 
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of the cuticle, as would be expected from 
visual examination of fixed sections. How- 
ever, both portions are demonstrably 
yellow and differ only in degree. Murray’s 
(1966) absorption spectrum for the ventral 
photoreceptor cells is quite similar to the 
cuticular absorption spectra. Murray’s 
spectrum peaked and declined at wave- 
lengths much above 650 nm; in the few 
cases wherein data were obtained at such 
long wavelengths, a similar decline was 
observed for the cuticle. The transmission 
data from these 40-um sections were con- 
verted into an overall absorption figure 
for the 300-um section (thinnest part of 
the cuticle), taking 80 um for the outer cu- 
ticle thickness and 220 um for the inner 
cuticle. 

The psychophysical data consist of a 
matrix of response frequencies stimulated 
by different combinations of wavelength 
and intensity. Threshold as a function of 
wavelength was extracted from these data 
by means of the same probit technique 
used previously to extract threshold as a 
function of time in the dark (Wasserman, 
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FiGURE 2. Microspectrophotometer record of the 
outer cuticle transmission as a function of wave- 
length. (Six superimposed upper traces show the 
100% reference level taken from a clear area 
located 200 um from the sample. Five superimposed 
lower traces show the transmission of the sample. 
Individual traces from the clear area and the sample 
area were alternated. Data аге from a 40-ит section 


taken with 13-ym spots.) 


TABLE 1 


Mean OUTER (п = 18) AND INNER (п = 21) 
CUTICLE TRANSMISSION (IN PERCENT) OF 
40-um SECTIONS АТ Six STIMULUS 
WAVELENGTHS (IN nm) 


Wavelength Outer cuticle Inner cuticle 


379 41.3 (2.1) 60.0 (4.8) 
427 58.4 (1.9) 62.5 (4.6) 
476 67.1 (1.6) 65.7 (4.0) 
524 74.6 (1.1) 68.7 (3.6) 
576 77.7 (1.1) 70.2 (3.4) 
630 80.2 (1.0) 73.7 (3.4) 


Note. Standard errors are in parentheses. 


1975). As in that previous work, the re- 
sponse frequencies were converted to 2 
scores in the probit domain. The same 
correction for the 80% ceiling effect was 
applied. Then, for each wavelength, the 
least squares best-fitting straight line 
was calculated as a function of log intensity. 
The zero intercept of the best-fitting line, 
corresponding to the 5095 frequency, 
determined the threshold intensity. The 
scatter of the points about the lines in 
the present experiment was comparable to 
the scatter found earlier (Wasserman, 
1975). The correlation coefficients for the 
actual data and the values predicted by the 
least squares probit functions were uni- 
formly high, ranging from .74 to .95 with 
a mean of .88. The standard deviations of 
the thresholds, taken from the slopes of 
the probit functions, were somewhat higher 
in the present work; the mean standard 
deviation was 1.85 log units, as opposed to 
1.5 log units found previously (Wasser- 
man, 1975). This increase in the standard 
deviation probably reflects the difference 
in procedure: In the current work, higher 
intensities were confounded with time 
during a session. Any tendency for the 
animals to habituate or to become light 
adapted during a session would tend to 
reduce the response probability for the 
higher and therefore later intensities. The 
intensity-response functions would thereby 
have a lesser slope, increasing the standard 
deviation of the threshold. These elevated 
standard deviations again represent be- 
tween-subjects, as well as within-subjects, 


variance. 
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Ficure 3. Quantum spectral sensitivity as a 
function of wavelength. (Lower solid curve is the 
uncorrected psychophysical function; upper solid 
curve has been corrected for 300 шт of cuticle 
absorption. Dashed lines are Dartnall’s [1953] 
525-nm nomogram fit to the four longest stimulus 
wavelengths. Vertical lines are +1 standard error.) 


The lower solid curve in Figure 3 shows 
the psychophysical spectral sensitivity func- 
tion. The cuticle absorption correction was 
applied to those data, and the upper solid 
curve in Figure 3 is the corrected spectral 
sensitivity function. The corrected function 
provides a behavioral estimate of receptor 
spectral sensitivity. The standard errors 
of the corrected spectral sensitivity func- 
tion are the vector sums of the standard 
errors of the cuticle correction function 
and the standard errors of the uncorrected 
psychophysical function. Both spectral 
sensitivity functions show a principal peak 
in the vicinity of 525 nm and an auxiliary 
peak in the vicinity of 425 nm. The 525-nm 
nomogram (Dartnall, 1953) is shown as a 
dotted line. Dartnall's nomogram was 
derived from the empirical finding that all 
photopigments in solution have difference 
spectra of the same form when plotted 
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against the reciprocal of wavelengths. It 
therefore provides a reasonable guide to the 
light-catching properties of photopigments 
in situ, although there are usually small 
variations of in situ spectra from the nomo- 
gram. The vertical location of the nomo- 
gram was obtained by fitting it to the 
sensitivity values of the four longest 
stimulus wavelengths for both spectral 
sensitivity functions. The nomogram does 
not provide a very good fit to the uncor- 
rected data; improving the fit at 425 nm 
by sliding the nomogram up would only 
worsen the fit at 475 nm. The corrected 
data clearly cannot even be approximated 
by the nomogram below 475 nm. However, 
in both cases, the nomogram provides a 
reasonable description of the long-wave- 
length portion of the spectrum. 

A statistical examination of the finding 
of two peaks is relevant to the principal 
question of this study: An appropriate 
test of the null hypothesis that the auxiliary 
peak is a chance variation can be obtained 
by a one-tailed comparison of the experi- 
mental result at 425 nm with the result 
expected from Dartnall's 525-nm nomo- 
gram. In the case of the uncorrected data, 
the mean experimental result is 1.3 stan- 
dard errors above the value predicted by 
the nomogram (р < .10). In the case of 
the corrected spectral sensitivity function, 
the mean experimental result is 2.8 stan- 
dard errors above the value expected by 
the nomogram (p < .01). No matter which 
function is examined, the evidence sug- 
gests that there are two peaks in the spec- 
tral sensitivity function. After correction 
for cuticle absorption, the null hypothesis 
is rejected by conventional standards. 
Subsequent examination (see below) con- 
firmed the reliability and validity of the 
425-nm peak. 

Dartnall’s (1953) 525-nm nomogram 
does not extend down to 375 nm, although 
it is possible to extrapolate with some cati- 
tion by assuming the usual leveling off at 
short wavelengths characteristic of photo- 
pigments in solution. The uncorrected 
sensitivity at 375 nm then can be seen (0 
be about 4 standard errors below such an 


extrapolated nomogram. The corrected 
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sensitivity function is still about half a 
standard error below the extrapolated 
nomogram at 375 nm. These considerations 
show that a very substantial cuticle effect 
occurs at the short end of the spectrum, and 
they suggest that our assumed 300-um 
cuticle thickness may have been somewhat 
too low. However, for reasons that will be 
discussed below, it is preferable to under- 
correct rather than overcorrect. Since the 
cuticle absorption spectra are linearly pro- 
portional to the reciprocal of the wave- 
length, it is possible that scattering is 
responsible for the cuticle's effect on light. 
Were scattering rather than absorption 
the major factor, then microspectropho- 
tometry would not give a reliable estimate 
of the actual cuticle screen in situ, because 
the optical paths would be of grossly 
disparate lengths. However, the sensitivity 
values obtained at 375 nm demonstrate 
the cuticular effect in situ and indicate that 
such an artifact is not present. 

The quantum sensitivity of this be- 
havior at threshold can be estimated as 
follows. At the optimal wavelength (525 
nm), threshold occurs at 1.0 X 10 quanta/ 
m?/sec. Correcting for cuticle absorption 
reduces this figure to 8.5 X 10" quanta/ 
m?/sec. According to Clark et al. (1969), 
the ventral photoreceptor cells are ellip- 
soids with a 60-um minor axis and a 200-um 
major axis. Since these receptors appear to 
be randomly orientated, the maximum 
cross-sectional area would be 9.4 X 107? 
m?, the minimum would be 2.8 X 107 mê, 
and the average receptor area can be taken 
as 7.0 X 107? m?. This yields a receptor 
threshold flux of 6.0 X 10° quanta/sec. 
The rhabdomere of these photoreceptors 


meanders throughout the cell, and it is 
likely that the cross-sectional area of the 
n three times the 


receptor is no more tha 
rhabdomere 


cross-sectional area of the 
(photopigment); threshold per receptor 
then reduces to 2.0 X 10° quanta/sec. The 
visual pigment absorbs only 2.28% of the 
incident 525-nm quanta (Murray, 1966); 
at threshold each receptor then would 
absorb 4.5 x 10° quanta/sec. This repre- 
sents a relatively low threshold quantum 
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rate, namely, about 4.5 quanta absorbed 
in each receptor every millisecond. 

Latency measures were also obtained in 
these experiments. As in earlier work 
(Wasserman, 1975), latency decreased with. 
increasing intensity. Latency, therefore, 
might have provided an independent esti- 
mate of the spectral sensitivity function. 
However, the mean slope of the latency 
versus intensity function was close to 0 
(—.11 sec/log unit), and random variation 
caused the slope to be negative for some 
wavelengths and positive for others. No 
unique spectral sensitivity function, there- 
fore, could be extracted. The cause of the 
shallow latency versus intensity slope is 
probably the same as the cause of the in- 
creased standard deviation of the threshold, 
namely, the confounding of intensity with 
trial position within a session. 


Reliability and Validity 


Two questions might be raised about 
the results obtained in this investigation. 
First, the data come from a selected sample 
of animals. In this investigation, two thirds 
of the animals initially scanned were re- 
jected because the response level was below 
criterion. Of the remainder, some were sub- 
sequently rejected because the response 
was unstable. Accordingly, it is possible 
that the data are unrepresentative of the 
population. Furthermore, the conclusion 
that a 425-nm sensitivity peak exists is 
only based on a single set of observations. 
The probability that this peak represents 
a random fluctuation is less than 1%; 
nevertheless, the implications of these 
results are such as to make it advisable to 
check the reliability of this finding as well 
as the validity. : 

Check experiment. A check experiment 
was designed to examine both the re- 
liability and the validity of the finding. 
The logic of the check experiment involved 
using a large number of unselected animals 
and collecting only a small number of 
observations from each animal. Fluctua- 
tions in response potency, which were the 
reasons for selecting animals, would have a 
minor impact when only a few experimental 
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Ficure 4, Histogram of response differences (in 
percent) between the response frequency elicited 
by threshold-level 425-nm light and the response 
frequency elicited by threshold-level 525-nm light. 
(Negative values indicate the 525-nm response fre- 
quency was greater than the 425-nm response fre- 
quency. The expected value is based on the assump- 
tion that the response difference equals 0. Solid dots 
indicate cases where the response frequency was 
below 10%.) 


sessions were involved. The procedure in- 
volved exposing animals to threshold-level 
lights of either 425 nm or 525 nm ; threshold 
was determined by the data of Experi- 
ment 1. The animals were exposed to the 
two lights in four sessions delivered in a 
counterbalanced ABBA design. The mea- 
surement of interest was the difference in 
the response produced during the two 
425-nm sessions and the two 525-nm ses- 
sions. That difference would be relatively 
unaffected by irrelevant factors, provided 
that the animals were in fact responding, 
Twenty-two animals were tested a total 
of 40 times. The expected outcome of this 
experiment was that the response levels 
should average 0 with some random varia- 
tion, if the finding of the previous experi- 
ment was both reliable and valid. Figure 4 
presents a histogram of those response 
differences. Since a dead animal who never 
responded would give a response differ- 
ence of 0, cases where the response differ- 
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ence was based on response frequencies 
below 10% are indicated with a solid dot. 
Most of the observations cluster around 
the expected value of 0. Three of the 22 
animals produced results that were sub- 
stantially different from the expected value. 
These 3 animals hardly responded to the 
425-nm stimulus while responding quite 
vigorously to the 525-nm stimulus; these 
results were repeatable in these animals. 
Apparently, the variability that has been 
encountered in measuring the spectral 
sensitivity of 8 cells with intracellularly 
placed microelectrodes (cf. Wasserman, 
1973a) also exists when measuring be- 
havioral responses from intact animals. | 
However, the bulk of the data of this ex- | 
periment confirm the findings of the 
previous experiment. Retrospective analysis 
of the data suggests that laboratory a8 
was a major factor in producing responses 
that deivated from the expected value. 


DISCUSSION 


Had there been no prior single-cell mea- 
surements, the present psychophysical data 
would most likely have been interpreted in 
terms of two underlying receptor mecha- 
nisms, one with a 425-nm peak and the 
other with a 525-nm peak. However, neither 
the anatomical, nor the microspectro- 
photometric, nor the electrophysiologic? 
studies described above reported evidence 
of more than one receptor class, and 50 
this hypothesis cannot be considered unles | 
all three techniques have the same sampling 
bias, which is most unlikely. 8 l 

A second possible explanation of thesi | 
data would be that the cuticle correctio" 
(which enhances the 425-nm peak) 
incorrect and excessive. However, the © 
rection actually employed is the minimu 
possible and, if anything, errs on the 1 
side. Any assumption that the cuticle 
really thicker would only result in a gre 
elevation of the 425-nm peak relative. j 
the 523-nm peak at the rate of 1 log Ч" 
mm of thickness. 

A third possible explanation of th 
might be that cuticle fluorescence orc 
the 425-nm реак. MicrospectroflU^ др 
metric measurements of the ventral 
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cuticle are not available, but visual in- 
spection of both the exciting light and the 
fluorescence in a fluorescence microscope 
make it very doubtful that the efficiency 
exceeds 1%, if it even approaches that 
level. In a fluorescence microscope, the 
tissue is excited by a powerful light that 
is filtered so that only ultraviolet and blue 
light reaches the slide. A barrier filter 
between the slide and the observer blocks 
the short-wavelength exciting light but 
permits any long-wavelength fluorescent 
emission to reach the observer. In the 
present case, the fluorescence appears 
green. A brief removal of the barrier filter 
therefore exposes the observer to the full 
short-wavelength exciting light, which light 
adapts the observer to the point where 
many seconds of dark adaptation are re- 
quired to see the long-wavelength fluores- 
cence after reinsertion of the barrier filter. 
Although this is an imprecise (as well as 
painful) experience, the dynamics of dark 
adaptation are such as to suggest that the 
fluorescent emission is orders of magnitude 
less than the incident light. Moreover, the 
observer's visual system is more sensitive 
to the long-wavelength fluorescence than 
to the short-wavelength excitation, which 
also suggests that the fluorescent energy is 
quite weak. 

Now, the necessary fluorescent effi- 
ciency needed to account for the 425-nm 
peak can be calculated from the following 
considerations: The most favorable case 
would be if all of the reemitted 425-nm 
quanta come out as 525-nm quanta (at the 
peak of the electrophysiologically deter- 
mined spectral sensitivity curve). Such 
quanta would be 5.4 times more effective 
than 425-nm quanta in exciting the photo- 
receptor. This increase in effectiveness due 
to fluorescence would have to account for 
the .71-log-unit increase in sensitivity at 
425 nm shown in Figure 3. Since .71 log 
units represents a 5.1-fold increase in 
sensitivity, fluorescence must be able to 


account for this increased sensitivity. The 
be formulated to 


following expression can 
describe this outcome: 


Quas + 5.40% = 5.1, (1) 
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where Qi»; represents the number of 425-nm 
quanta, and Q;s; represents the number of 
525-nm quanta. But Qiss + 0 = 1, by 
the definition of fluorescence, and so Equa- 
tion 1 is satisfied when О = .07 and 
Qs25 = .93. Thus on the most favorable 
possible assumption, the efficiency of the 
fluorescence would have to be 93% in 
order to account for the data. Measure- 
ments by Adolph (1968) of fluorescence in 
the Limulus lateral eye cornea show that 
the emission peak is not at 525 nm but 
rather is at 450 nm. Visual inspection 
shows no striking differences in the fluor- 
escence of the ventral eye cuticle and the 
lateral eye cornea. So, if we assume that 
the fluorescent quanta are actually re- 
emitted at 450 nm, those quanta are 1.6 
times more effective than 425-nm quanta 
in exciting the receptor. From an analysis 
similar to the one given above, we arrive 
at the impossible outcome that the fluor- 
fis ch dud have to exceed 

0—16 would in fact have to be 683%. 
These results would be modified somewhat 
if we knew how to account for the wave- 
length-dependent absorption of light by 
the cuticle. However, such effects are 
difficult to assess, since the fluorescence 
occurs within the cuticle. In any event, 
such an evaluation would not materially 
affect the conclusion given above, namely, 
that on the best assumptions, the fluor- 
escent efficiency would have to approach 
100% in order to conclude that the 425-nm 
peak was a harmonic produced by fluores- 
cent coupling to the true peak. That degree 
of efficiency is most unlikely. 

It therefore becomes appropriate to 
compare the psychophysical measurements 
of spectral sensitivity in the ventral eye 
of Limulus with electrophysiological and 
microspectrophotometric determinations of 
the same function. Figure 5 shows all 
three functions together; the corrected 
psychophysical function is illustrated. The 
low sensitivity found at 375 nm reinforces 
the notion that the cuticle correction was 
conservative. The three spectral sensitivity 
functions form a continuum : The receptor 
potential function shows no sign of two 


peaks, the microspectrophotometric func- 


—— Psychophysics \ 


—----- Microspectrophotometry-Murray ‘ | 


Log Relative Sensitivity 
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Ficure 5. Psychophysical, microspectropho- 
tometric (Murray, 1966), and electrophysiologic 
(Nolte & Brown, 1970) spectral sensitivity functions 
equated at 525 nm. (The psychophysical function 
has been corrected for cuticle absorption.) 


tion shows two peaks with the auxiliary 
peak attenuated by .3 log units, while the 
behavioral function shows two almost equal 
peaks. An unavoidable property of micro- 
spectrophotometric data is that photo- 
products can affect a difference spectrum. 
Thus the relative height of the two micro- 
spectrophotometric peaks in  Murray's 
(1966) work could have been so affected. 
It has often been noted that photoproducts 
could affect prebleach data, so as arti- 
factually to produce a second peak. The 
obverse is equally possible in that post- 
bleach photoproducts could reduce the 
height of a genuine second peak. There- 
fore, the relative height of the two peaks 
in the microspectrophotometric spectrum 
is not particularly informative, per ве. 
All three functions are similar throughout 
the long end of the spectrum except 
for the extreme long-wavelength end; 
the microspectrophotometric function is 
broader than would be expected from the 
nomogram, while the receptor potential 
and psychophysical functions are both 
somewhat narrower. The widening of this 
end of the microspectrophotometric func- 
tion looks substantial in these logarithmic 
units; however, the deviation was only 
1 1/2 standard errors in the original data, 
and it is conceivable that it was a random 
variation. 
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While the findings of the present study 
are obviously subject to critical examina- 
tion and reinvestigation, several tentative 
conclusions can be stated. First, a two- 
peaked description of ventral eye receptor 
spectral sensitivity is appropriate. Second, 
Murray's microspectrophotometric findings 
appear to be correct. Third, intracellular 
recording methods were unable to sense 
the presence of the second peak. Fourth, | 
the acuity theory of 8 cells advanced 
earlier (Wasserman, 1973a) is probably 
invalid, since the ventral eye of Limulus 
can, at best, only distinguish left from 
right. 


Coding Implications 


As a result of these findings, it became 
increasingly difficult not to begin a pre- 
liminary consideration of the coding prop"  - 
erties of visual systems with 8 receptors; 
given that the elements of such a code 
have been found to influence behavior. Àn 
earlier examination of this same question 
has been given by Burkhardt (1964). At 
least three possible visual systems can now 
be conceived : (a) all of the receptors might 
be а receptors, (b) all of the receptors 
might be 8 receptors, or (c) some of the 
receptors might be a and others might be  : 
B. Figure 6 shows these three possible out- 
comes for the simplest possible color vision 
system, namely, a dichromatic system that 
contains two kinds of photopigments, two 
kinds of photoreceptors, and two kinds © 
opponent-process central detectors. The 
left column shows the hypothetical photo- 
receptor spectral sensitivity functions that 
might exist; the assumed photopigment® 
are Dartnall (1953) pigments. One pigment 
has its peak sensitivity at 475 nm, a? 
the other has its peak sensitivity at 625 1 
Other pigments might have been chose? 
with other spectral spacings; the res" 
would remain essentially the same. 

Each of the pigments might b E 
Segregated within a single photorecept? у 


тасу t 
The spectral sensitivity of the pho ре 


~~ 


е well 


spectral sensitivity of the resident 
pigment. However, it is also possible 
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Ficure 6. Normalized receptor and central detector spectral sensitivity functions. 


(Upper 


row is for the dichromatic visual system with only о receptors, the middle row is for both a and 8 
receptors, and the bottom row is for only 8 receptors. The spectra in the sum column were obtained 


by adding the va 
for the difference column wer 


lues for the two receptors and normalizing the highest value to 1.0. The spectra 
e obtained by subtracting the values for the two receptors and 


normalizing the highest to 21.0. The receptors were constructed from Dartnall's [1953] 425-nm 


and 525-nm nomograms.) 


a photoreceptor contains some of each 
pigment. In that case, the spectral sensi- 
tivity of the photoreceptor would reflect 
the relative contributions of {һе resident 
photopigments. The middle row of Figure 
6 shows a case where one receptor contains 
equal amounts of the two pigments, while 
the other contains only one pigment. 
Finally, it is possible that both of the 
ors contain both pigments but in 
slightly different degrees. In that case 
(illustrated in the bottom row of Figure 6), 
both receptors would be 8 receptors, and 
the resident photopigments would produce 
photoreceptor spectral sensitivities that 
would reflect the difference in the amounts 


of the two pigments. 
central analyses of photoreceptor 


recept 


The 
signals are known to be determined by 
neural circuits that take the sum and 


difference of receptor activities in the 
manner prescribed by opponent response 
theories of color vision (cf. Hurvich & 


Jameson, 1957). The sum yields activity 
that is considered to be related to the 
brightness or luminosity of the stimuli, 
while the difference yields activity that 
is considered to be related to the color or 
chromaticity of the stimuli. Accordingly, 
Figure 6 shows sums and differences for 
each of the three hypothetical receptor 
situations. The sums are the simple sums 
with no weighting coefficients. After sum- 
mation, the data were normalized so that 
the highest value equaled 1.0. The same 
operations applied to the differences. When 
the two entirely а receptors are considered, 
the sum produces a luminosity function 
with two clear peaks. These peaks are a 
consequence of the wide spacing of the 
two photoreceptor spectra. Had we as- 
sumed a trichromatic system with three 
photoreceptors (including one in the middle 
of the spectrum), the sum would have pro- 
duced a single-peaked luminosity function. 
This function would have been similar to 
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the luminosity function obtained from 
trichromatic organisms, such as man. 
However, it is much simpler to illustrate 
these matters using a dichromatic system ; 
a trichromatic system would have required 
us to explore eight possible visual systems 
instead of three. The difference between 
these two receptors produces an opponent 
response function that is quite familiar 
and representative. However, the entirely 
B receptor system produces sums and differ- 
ences that are only quantitatively dis- 
tinguishable from the sums and differ- 
ences produced by an entirely а system. 
These quantitative differences could have 
been completely eliminated by quantitative 
adjustments in the relative numbers of 
photoreceptors impinging on the sum and 
difference detectors, as well as by quanti- 
tative differences in the synaptic efficiencies 
of the connections between the receptors 
and the sum and difference detectors, 
Thus, a quantitative change in the 
degree of segregation of photoreceptor 
pigments produces a quantitative change 
in the sensitivity functions of central fea- 
ture detectors. These central changes could 
have been entirely eliminated by other 
quantitative changes in the efficacy of the 
connections between the receptors and the 
central detectors (i.e., by changing the 
coefficients in the transfer equations). The 
implication of this analysis is that record- 
ings of central feature detector spectra 
probably cannot discriminate among the 
three hypothetically possible configurations 
of the photoreceptors. Nor would other, 
more refined investigations be expected to 
be sensitive to these rather striking re- 
ceptor changes. For example, wavelength 
discrimination would be expected to be 
approximately the same in all three cases: 
The neutral point of all three difference 
spectra occurs at about the same point in 
the spectrum, and the spectra have about 
the same slope as they go through the 
neutral point, implying that all of these 
visual systems would lead to high dis- 
criminability in the same place in the 
spectrum. However, a refined analysis of 
wavelength discrimination might be ex- 
pected to reveal subtle consequences of 
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variations in receptor spectral sensitivity, 
functions. Helmholtz's (1892) line element 
analysis of wavelength discrimination data 
leads to the conclusion that each of the 
three component mechanisms of color 
vision should have a spectral sensitivity 
function with two peaks. A fresh recon- 
sideration of this problem might well be 
productive. . 

A preliminary analysis of the coding. 
properties of 8 receptor systems then indi- 
cates that no substantial effects are to be 
expected with regard to such fundamenta 
phenomena as spectral sensitivity ап 
wavelength discrimination, although subtle 
changes should be considered. While that | 
outcome undoubtedly has contributed t° 
the belated recognition of the existence 0 
8 receptors, it undoubtedly calls for 2 23 | 
more detailed investigation of the quant 
tative aspects of coding in visual вуз ү 
that make use of 8 receptors. Perhaps 846 E 
an analysis might lead to an understanding 
of the evolutionary advantages that wi 
selected for the elaboration of 8 phot” 
receptors by such a large variety of org 
nisms. 
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A Fuzzy Set Approach to Modifiers and Vagueness 
in Natural Language 


Harry M. Hersh and Alfonso Caramazza 
Johns Hopkins University 


SUMMARY 


Recent developments in semantic theory, such as the work of Labov (1973) 
and Lakoff (1973), have brought into question the assumption that meanings are 
precise. It has been proposed that the meanings of all terms аге to a lesser or greater 
degree vague, such that, the boundary of the application of a term is never a 
point but a region where the term gradually moves from being applicable to 
nonapplicable. 

Developments in fuzzy set theory have made it possible to offer a formal treat- 
ment of vagueness of natural language concepts. In this article, the proposition 
that natural language concepts are represented as fuzzy sets of meaning compo- 
nents and that language operators—adverbs, negative markers, and adjectives— 
can be considered as operators on fuzzy sets was assessed empirically. In a series 
of experiments, we explored the application of fuzzy set theory to the meaning 
of phrases such as very small, sort of large, and so on. 

In Experiment 1, subjects judged the applicability of the set of phrases to a 
set of squares of varying size. The results indicated that the group interpretation 
of the phrases can be characterized within the framework of fuzzy set theory. 
Similar results were obtained in Experiment 2, where each subject's responses 
were analyzed individually. Although the responses of the subjects, in general, 
could be interpreted in terms of fuzzy logical operations, one subject responded in 
a more idiomatic style. 


Experiments 3 and 4 were attempts to influence the logical-idiomatic distinction 
in interpretation by (a) varying the presentation mode of the phrases and by (b) 
giving subjects only a single phrase to judge. 

Overall, the results were consistent with the hypothesis that natural language 


concepts and operators can be described more completely and more precisely using 
the framework of fuzzy set theory. 


Picture a conversation between a mother ce? 
and her 5-year-old son. The son asks the 
mother if he might have some jelly beans 
from the bowl on the table. The mother 


replies that he may take a few, and he does 


mother's statement. If the son had bee, 
asked directly how many constitute a fe. 
he probably would have hesitated w^ 
moment and then responded ‘three 


‘ „ the 
1 "four," or "five," and so on). Pose „айз 
just that. It is a perfectly normal conversa- same question to the mother, and the 9^ 


tion until one stops and considers how are that she would have responded with 
many a few are. The mother obviously not too different a number. The number о 
knows what is meant by the term a few. beans taken might have differed from W (е 
The information was understood by her either person might have replied, but ve 
son because he responded correctly to the actual number was probably an accept? 
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definition from the mother’s point of view. 
If it were not, the son certainly would 
have heard about it! 

This scene demonstrates the transmission 
of some vague, quantitative information 
between two people. But actually, when 
one stops and considers, most of the 
quantitative information that one receives 
during the course of a day is of just this 
nature. A house may be quite large; a girl 
may be sort of short; a man may be not 
very old. Not only do people understand 
such statements, they also have the ability 
to operate upon and manipulate these 


vague concepts. 
Recently, there has been considerable 


interest on the part of linguists and com- 
puter scientists in just such problems as 
the role of vagueness in language and the 
quantification of meaning. Much of this 
interest has been the result of the develop- 
ment of fuzzy set theory, a generalization 
of the traditional theory of sets. A major 
feature of fuzzy set theory is that a quanti- 
tatively specifiable system can contain 
linguistic variables in addition to numeric 
variables. These linguistic variables can be 
manipulated and operated upon in much 
the same way as numeric variables in 
nonfuzzy systems. 

This new way of dealing with complex 
systems appears quite promising in terms 
of the specification of complex behavioral 
processes, such as the measurement of 
word meaning or the description of reason- 
ing processes in everyday situations. In 
this article, we explore the possibilities of 
developing a treatment of (a) natural 
language concepts as fuzzy sets and (b) 
modifiers as operators on fuzzy sets. 
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Quantification of Meaning 


One of the first attempts at the quanti- 
fication of meaning was made by Mosier 
(1941). Mosier hypothesized that the mean- 
ing of a word may be considered as con- 
taining two components: (a) a constant 
component reflecting the overall meaning 
value along a continuum and (b) a variable 
component representing the variation in 
the meaning of the word due to context, 
speaker, and the like. He defined the 
meaning (M) of a word as: 


M=x+it+e, 


where x equals the constant component 
over people and context, 7 equals the 
Variation in meaning due to the individual, 
and ¢ equals the variation in meaning due 
to the context. 

According to this theory of word mean- 
ing, any one of the components could be 
zero for certain words, and for ambiguous 
words, x could have multiple values. In 
addition, there is an assumption of a 
unidimensional continuum along which 
every word must fall. The model also pre- 
dicts, for example, that context effects will 
be independent of the word used and the 
individual involved. Although these and 
other simplifications reduce the model's 
explanatory and predictive power con- 
siderably, it was probably the first signif- 
icant attempt made to quantify meaning. 

More interesting than Mosier's (1941) 
theoretical formulations are his empirical 
investigations in the same article. He had 
subjects rate a list of evaluative adjec- 
tives (e.g., unsatisfactory, excellent) along 
a favorable-neutral-unfavorable con- 
tinuum. He then scaled the responses by 
the method of successive intervals. The 
scale values for each word were interpreted 
as the constant component of the meaning 
of the word, while the spread of the dis- 
tribution (i.e., the vagueness) was inter- 
preted as ambiguity, or the variable com- 
ponent. The data tended to support his 
model in that it was possible to assign each 
word to a scale value along a unidimensional 
continuum, and the variation in meaning 
about this scale value was normally dis- 
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tributed. (These results were later sup- 
ported by Jones and Thurstone, 1955, for 
a set of preference words and phrases.) 

Mosier’s subjects also rated a subset of 
the adjectives paired with adverbial modi- 
fiers, or intensifiers (e.g., very, extremely). 
An analysis of these data showed that the 
addition of an intensifier caused a shift in 
the meaning of the base word away from 
the neutral point toward the extreme. 
This finding that adverbs tended to cause 
a shift in the scale values served as the basis 
for a later study on the influence of adverbs 
by Cliff (1959). 

Mosier had shown that the meaning of 
an evaluative adjective could be repre- 
sented as a point along a unidimensional 
continuum reflecting favorableness. Osgood 
and his colleagues (Osgood, 1952; Osgood, 
Suci, & Tannebaum, 1957) felt that it was 
possible to specify the meaning of a wider 
range of words by rating the words on a 
judiciously chosen set of scales. These 
scales were combined to form the semantic 
differential. Using this procedure, a subject 
is presented with a word (e.g., quicksand), 
which he characterizes by rating it along a 
number of antonymous scales, such as 
clean-dirty, fast-slow, and  serious-hu- 
morous. The resulting profile is considered 
to be a multidimensional representation of 
the meaning of the word. Osgood's (1957) 
factor analysis of the various scales of the 
semantic differential yielded three main 
factors, which could be called potency, 
activity, and evaluation. 

According to Osgood (1957), the simi- 
larity between two words (or between the 
same word for different populations) is 
interpreted as the Euclidean distance be- 
tween corresponding profiles. Using this 
definition of the distance between con- 
cepts, Rowan (Note 1) had subjects rate a 
list of words (e.g., sleep, hero, gentleness) 
using the semantic differential and the 
method of triads. The distances between 
word pairs obtained from a multidimen- 
sional scaling of the triad data correlated 
highly with the distances from the semantic 
differential. In addition, the first two di- 
mensions from the multidimensional scaling 


could be interpreted as evaluation and po- 
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tency/activity, the major factors derived 
from the semantic differential. 

In the Mosier (1941) and the Jones and 
Thurstone (1955) studies, the rating scale 
(unfavorable-neutral-favorable) could be 
considered to capture a dimension of the 
meaning of the terms used. Thus, the words 
were rated according to the relative value 
of the corresponding denotative, or ex- 
tensive, component. These ratings can be 
interpreted as the meaning of the words to 
the extent that both share a similar quanti- 
tative interpretation in the same context. 
Similarly, the semantic differential seems 
to demonstrate that subjects have the 
ability to rate the words in such a manner 
that overall differences between words are 
reflected in differential scale values. The 
semantic differential, however, does not 
demonstrate that the scale values reflect in 
any way the overall meaning of a word. 
Subjects may have the ability to rate à 
word such as moon as having a value on à 
kind—cruel scale. Even if this rating re- 
flects a connotative property of the word, 
connotation is but one aspect of the mean- 
ing of the word. However, most scales ОП 
the semantic differential appear to reflect 
such connotative components. To suggest 
that word meaning can be uniquely speci- 
fied by any number of such (nonorthogonal) 
scales implies that these scales represent 
all possible qualitative components in 
meaning—connotative and denotative. It 
has not been demonstrated that the 
semantic differential represents the ful 
meaning of words in any comprehensive 
manner. Whether such a theory could eve? 
adequately represent meaning is unclear. 

The above studies have all represente 
meaning as a point along one or mon 
rating scales. Mosier (1941) showed th?. 
the meaning of evaluative adjectives cO" ü 
be represented by scale values. How the 
might adverbs be characterized ? pun 
(1959), extending Mosier’s findings, d 
posed a formal model where adverbs fun f 
tioned as multiplicative constants. thet 
scale value of the jth adjective 15 5; + dF 
the value of an adverb-adjective combi! 
tion is represented as: 


ку = сб + К, 


i 
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where хуу equals the obtained scale value of 
the ith adverb in combination with the jth 
adjective, c; equals the multiplying value 
of the ith adverb, s; equals the psycho- 
logical scale position of the jth adjective, 
and K equals the difference between the 
arbitrary zero point of the obtained scale 
values and the psychological zero point 
of the scale. 

To test the model, Cliff had subjects 
rate a set of adjective-adverb combinations 
(e.g., extremely lovable) along a favorable- 
unfavorable continuum, as in the Mosier 
study. Over all combinations of 10 adverbs 
and 15 adjectives, the predictions of the 
model were extremely accurate. Values of 
c; and s; were completely independent. 
The only deviation from the model was 
that the value of K appeared to vary 
slightly as a function of the adjective 
employed. Overall, the hypothesis that 
adverbs operate as multipliers was clearly 
confirmed. The results explain why com- 
binations such as unusually average appear 
so awkward: The scale value of average is 
approximately zero, so multiplying zero 
by any finite value will leave a product of 
zero—the adverb is superfluous. 


Quantification of Vagueness 


An underlying assumption in the work 
on meaning quantification has been that the 
meanings of words can be specified as points 
along a scale. The variability about the 
scale value is attributable to the statistical 
nature of the system. Recent developments 
in semantic theory, such as the work of 
Labov (1973) and Lakoff (1973), have 
brought into question the assumption that 
meanings are precise. Instead, it has been 
proposed that natural language terms are 
to a lesser or greater degree inherently 
vague, such that, the boundary of a term 
is never a point but a region where the term 
gradually moves from being applicable to 
nonapplicable. Though this question of the 
inherent vagueness of language has only 
recently become of concern to psycholo- 
gists, it has occupied the attention of 
philosophers since the time of the Greeks, 
who posed the question of vagueness in the 
form of the paradoxes of sórites (the heap) 
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and falakros (the bald man). The latter 
paradox might take the form: How many 
hairs must be plucked from a man's head 
before he is considered to be bald? And 
given that there occurs a transition from 
being not bald to being bald, where is the 
one strand of hair that determines the 
transition, that is, where does one draw 
the line? 

This paradox raises obvious difficulties 
for the law of the excluded middle: It 
appears unreasonable to assume that for 
à concept such as baldness every element 
of the universe is either a clear member of 
the set or a clear member of the comple- 
ment of the set. The problem does not exist 
for artificial concepts with sharply defined 
boundaries, but appears unsolvable for 
vague, natural language concepts. 

But what is a vague concept, and can it 
be specified? This was a rather productive 
area of research in philosophy during the 
early part of the twentieth century (e.g., 
Black, 1937; Copilowish, 1939; Hempel, 
1939; Peirce, 1902; Russell, 1923; see also 
Black, 1963; Korner, 1957; Labov, 1973; 
Schmidt, 1974). Russell (1923) argued that 
the world is neither vague nor precise: It is 
what it is. Vagueness (and its complement, 
precision) are characteristics that can only 
belong to a symbolic representation, such 
as language. He further argued that a 
representation is vague when there exists 
a one-to-many relationship between the 
representing system and the system being 
represented. 

Black (1937) agreed that the problem of 
vagueness is a property of natural language, 
but he faulted Russell for confounding 
vagueness and generality (p. 432, Note 12). 
Black differentiated these two terms from 
a third, ambiguity. Generality is what 
Russell described as vagueness, that is, a 
one-to-many relationship between a symbol 
and the items that the symbol represents. 
Ambiguity is the state of affairs where the 

ame phonetic form has a finite number of 
alternative meanings. The vagueness of a 
symbol, however, will not be found as the 
result of a one-to-many relation nor a 
number of alternative meanings. Black 


reasoned that vagueness is a feature of the 
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Ficure 1. Hypothetical consistency profile. 


boundary of a symbol's extension, not of 
the symbol itself. No matter how closely 
one looks or accurately one measures, the 
vagueness remains. 

Peirce (1902) defined vagueness in a 
similar manner: "A proposition is vague 
when there are possible states of things 
concerning which it is intrinsically un- 
certain whether, had they been contem- 
plated by the speaker, he would have 
regarded them as excluded or allowed by 
the proposition" (p. 748). There are some 
objects that a group of speakers of a 
language would definitely consider to be 
chairs; others that would never be called 
chairs. However, there will always be some 
objects that tend to straddle the boundary ; 
no matter how closely one examines them, 
these objects cannot be classified as clearly 
belonging or not belonging to the category 
in question. It appears then that vagueness 
enters in the process of mapping a linguistic 
term onto a universe. That is, what is vague 
is the use of the linguistic term. (The term 
natural language concept thus refers to the 
result of this mapping operation, while 
linguistic term refers to the verbal label 
applied to the particular mapping. However, 
throughout the present article these two 
labels are used interchangeably to refer to 
both a term and its application.) 

Black (1937), using what he termed a 
"consistency profile," first attempted a 
quantitative description of vagueness as 
defined by Peirce (1902). He hypothesized 
that while the vagueness of a word implies 
variability in the application of a term by 
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a group of language users, the variations 
should be specifiable and systematic. If 
they are not, it would be impossible to 
distinguish between terms. He defined the 
consistency of application of a term, 7, 
to an element, s, of a set, S (i.e, S = {s}), 
as in: 


lim — 
Wer» M Ш 


М = 


C(T, s) = 


where M equals the number of judgments 
that T applies to s, and N equals the number 
of judgments that not T applies to s. The 
consistency profile was then defined as the 
function C(T, s) over the domain of ap- 
plicability, S. Figure 1 depicts a typical 
example, where it can be seen that the most 
doubtful cases correspond to С(Т, s) = 1.0. 
This profile, then, was used to define the 
vagueness of a term by taking the slope of 
the curve from Point b to Point c (see 
Figure 1) as an index of vagueness. 

In the same article, Black put forth 
alternative formulations for describing the 
vagueness of a term. He redefined the con- 
sistency of application as T (s, C). Using this 
latter notation, a term, Т, will be said to 
apply to an item, s, of a series, S, with à 
consistency, C. The term zot T will then 
apply with a consistency, 1/C. Thus, the 
law of the excluded middle can be replace 
by a reciprocal relation where the product 
of the applicability of a term and its 
complement is always unity. 

Attacking the same problem of vague 
ness in language, Hempel (1939) redefine’ 
the consistency of application of a term» 
T, to an object, s, as: 


— үз M 
бе DE aru 
No o 
a 
where М and № are as defined above. ap 


consequence, the range of C is restrictec d 
the closed interval 0 to 1, and the "даш 
ful" cases take on values of about 1/2. ( ў 
а recent study of word boundaries, Laboy 
1973, implicitly used just this tyPe ;, 
formulation to describe the manner - 

which the form of objects and conte 
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interact to influence the extension of word 
boundaries.) 

Hempel argued that Black's technique of 
specifying the vagueness of a term as the 
slope of the borderline region was inade- 
quate, since the scale on the abscissa was 
arbitrary. Hempel reasoned, using his 
formulation, that the greater the vagueness 
in a term, the more objects there would be 
for which C(T, s) takes on values around 
1/2. The precision (fr) of a term then 
could be formalized as: 


E Ls -k 


k=l 


book 
Prec 


and the vagueness (vg) as: 
vg — 1 — pr. 


Specifying the vagueness of a term in this 
manner, independent of the slope of the 
consistency profile, avoids another problem 
encountered by Black (1937). As Figure 1 
shows, there are two regions of certainty 
(a — b and c — d) and a region connecting 
these, which has been called the border- 
line region, or fringe. Black specified the 
vagueness of a term as the slope of the 
fringe. But what delimits the fringe area? 
Are there precise points at which the un- 
certainty begins or ends (as depicted in 
Figure 1)? One seems drawn to the con- 
clusion that the extent of the boundaries 
of a term's application seems to fade in and 
out in an almost imperceptible manner. 
There is a smooth, continuous transition 
from applicability to uncertainty to non- 
applicability. The entire extension of the 
term must then be considered to be vague, 
for the boundary extends (asymptotically) 
along the entire continuum. 

The above discussion of the presence of 
vagueness in natural language argues 
against the Thurstonian model of meaning 
as put forward by Mosier (1941) and Cliff 
(1959). Such a theory implies that natural 
language concepts are precise and thus can 
be represented as points along a continuum. 
The observation that concepts form dis- 
tributions is explained in terms of the 
Statistical nature of the system. But if one 
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accepts the theoretical position that natural 
language concepts are inherently vague, 
then the point concept becomes an in- 
appropriate theoretical construct. Not only 
can a vague concept refer to a range, but 
also the variability is an integral part of 
the meaning of the concept. 


Theory of Fuzzy Sets 


Computer scientists and systems engi- 
neers have long recognized that people can 
understand and operate upon vague, 
natural language concepts. Computers, 
however, are extremely rigid and precise 
information-processing systems. This in- 
herent rigidity severely limits a computer's 
ability to abstract and generalize funda- 
mental conceptual functions. Recently, 
Zadeh (1965, 1973) and others (eg., 
Goguen, 1967, 1969; Santos, 1970; Le- 
Faivre, Note 2) have developed quantita- 
tive techniques for dealing with vagueness 
in complex systems. The techniques are 
based on fuzzy set theory, a generalization 
of the traditional theory of sets. 

The unique feature of fuzzy logic is that 
it allows complex systems to contain both 
numeric and linguistic variables, where a 
linguistic variable is defined as a label of a 
fuzzy set. For example, the linguistic 
variable age may take on values of very 
young, rather young, young, middle age, not 
very old, and so on, in addition to a range of 
numeric values. The assumption underlying 
these fuzzy sets is that the transition from 
membership to nonmembership is seldom 
a step function; rather, there is a gradual 
but specifiable change from membership 
to nonmembership. In nonfuzzy set theory 
a membership (characteristic) function 
specifies which elements are members of 
the set (i.e., for which elements x € X hasa 
truth value of 1). In fuzzy systems, the 
grade of membership and the corresponding 
truth value of the proposition x € X may 
take on any value in the closed real interval 
from .0 to 1.0. 

Fuzziness is distinctly different from un- 
certainty as measured by the probability 
of an event. The uncertainty of a coin toss 
resulting in a head has a certain probability 
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associated with it. No vagueness is involved 
—only lack of knowledge concerning an 
event occurring in the future. Once this 
knowledge becomes available, the state of 
affairs is completely determined. Referring 
back to the problem of falakros (the bald 
man), the concept baldness can be con- 
sidered to be fuzzy. Unlike a coin toss, no 
matter how closely one measures or ex- 
amines, the concept will apply more to 
some elements of the universe (men) than 
to others. No amount of information can 
make the boundary between bald and not 
bald free of imprecision. 

To aid in discussions later in this article, 
it might be helpful at this point to sum- 
marize some of the important properties 
of fuzzy sets and show how traditional set 
theory is a special case of fuzzy set theory. 
(Much of this discussion is taken from 
Zadeh, 1965 and 1973.) Let X be a uni- 
verse of points (or elements, or objects, 
or...) with a generic element of X de- 
noted by x. A fuzzy subset of X, labeled A, 
is characterized by a membership function, 
fa, that associates with each element x 
in X a real number, fa(x), in the closed 
interval from .0 to 1.0, which represents the 
grade of membership of x in 4. An element 
of the fuzzy set A thus can be designated 
by the ordered pair: 


Cfa(x), x], (1) 


where f4(x) is the grade of membership of 
x in A. Note that the nearer the value of 
fax) to 1.0, the higher the grade of mem- 
bership of x in 4. When A is a nonfuzzy 
set, its membership function can take on 
only values of 1 and 0 according to whether 
x does or does not belong to A, respectively. 

As an example, consider the concept fall, 
where the membership function specifies 
the grade of membership of heights (in 
inches) in the set labeled /a/l.! Representa- 
tive values might be: /(60) = .0, /(66) =.2, 
f(68) = .7, and /(74) = 1.0. Thus someone 
whose height is 5 ft. (152 cm) clearly is not 
tall, someone 5 ft. 8 in. (173 cm) is more 
tall than not tall, and someone 6 ft. 2 in. 
(188 cm) is clearly tall. It is important to 
realize that although the membership 
function might be defined precisely, it 
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does not follow that the concept itself is 
precise over the domain. 

Membership in a fuzzy set (as in a 
nonfuzzy set) is specified by a mapping 
from the universe to the set in question. 
This mapping may be performed by 
enumeration, by а function, by an 
algorithm, and the like. Whatever the 
method, the result will be that every ele- 
ment in X will have associated with it a 
number corresponding to its grade of 
membership in that fuzzy set. Note that the 
relations among the elements (or among 
relevant dimensions of the elements) need 
not specify a continuum. Where the rele- 
vant relations among the elements cannot 
be ordered, the mapping onto the fuzzy 
subsets would be by enumeration or an 
algorithm. However, where at least an 
ordinal relationship of elements (along one 
or more relevant dimensions) is implied, 
the grade of membership may be deter- 
mined by a function, as well as by enumera- 
tion or an algorithm. Once this mapping is 
specified, the set can be used as a linguistic 
variable in fuzzy inferences and algorithms 
and can be modified by operations such as 
negation and union. 

In both fuzzy and nonfuzzy set theory 
the support of the set A is the set of ele- 
ments in X for which fa(x) > 0. A (fuzzy 
or nonfuzzy) singleton is a set whose sup- 
port is a single element in X. Therefore, а 
fuzzy set A may be specified as the union 
(see Equation 10) of its constituent 
singletons. Thus A may be represented by* 


P | Ua) #7, (2) 
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! For directness of exposition, concepts 
sumed to be context constant (but not CO 
free) here and throughout the study. In term? , 
membership functions, this implies that аточ 
the functions most likely contain тоге than ples 
independent variable, the context-relevant varia cer 
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applicability of the fuzzy set approach. ( з he 
Labov, 1973, for a preliminary investigation о ial 
interaction of form and context 11 
meaning.) 
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where the integral sign represents the 
union of the fuzzy singletons [Гл (х), x]. 
If the fuzzy set A has finite support (i.e., if 
there are a finite number of elements whose 
grades of membership are greater than 0), 
then Equation 2 may be replaced by the 
summation : 


A = [а (х), x] + Са (ка), v2] 


+... + LIA n); Xa (3) 


or 


An is Cfa@i), xil. (4) 


i=l 
in which /4(x;) is the grade of membership 
of x; in A. Note that the + sign in Equa- 
tion 3 specifies the union of elements (see 
Equation 10) and not the algebraic sum. 
For example, given that the domain is the 
natural numbers, a fuzzy set labeled few 
might be defined as: 


few = (2,1) + (2, 2) + C8, 3) 
+ (1.0, 4) + (1.0, 5) 
+ (.8, б) + C5, 7), (5) 


where the support of few is the set of 
numbers 1, 2,. . ., 7; that is, according to 
the definition, numbers greater than 7 
have a grade of membership of .0 in the 
set labeled few. Notice that each ordered 
pair relates a natural number to the grade 
of membership of that number їп the 
concept. This relationship may be extended 
by having the grade of membership itself 
be a fuzzy set. For example (from Zadeh, 


1973), if the universe, X, is: 
X = Tom + Jim + Dick + Bob, (6) 


and А is the fuzzy set agile, then: 


agile = (medium, Tom) + (low, Jim) 


+ (low, Dick) + (high, Bob). (7) 
y subset of the uni- 


Low, in turn, is a fuzz | 
f membership 


verse of possible grade o 
values (referring mainly to values near .0), 
or: 


low = (.5, .2) + (7, 3) + (1.0, .4) 


+ (7, 5) + (5,6). @ 
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A crossover point in A is defined as an 
element that possesses a grade of member- 
ship in A of .5. Thus, penguin might be a 
crossover point in the set of birds, meaning 
that a penguin is as much a bird as it is 
not a bird. 

Two fuzzy sets, A and B, are equal 
(A = B), if and only if а(х) = f(x) for 
all x in X. Where the grades of membership 
take on values of either 0 or 1, this relation 
reduces to the traditional set theory 
definition of the equality of two sets. A 
is contained in B (or B entails A, or A isa 
fuzzy subset of B, i.e., A С B) if and only 
if fa (х) € fs (x) for all x in X. 


Operations on Fuzzy Sets 


Negation, logical and algebraic opera- 
tions, hedges, and other terms that in- 
fluence the representation of linguistic 
variables can be considered as labels of 
various operations defined on fuzzy sub- 
sets of X. The more basic operations will 
be reviewed here. For a more complete 
overview, see Zadeh (1965, 1973) and 
Goguen (1967, 1969). 

The complement of a set A is denoted 
not A, or A, and is defined as: 


not A = j [1 — fa(x), х], (9) 


that is, as in nonfuzzy set theory, the 
operation of complementation corresponds 
to negation. It is interesting to note that 
Black's (1937) reciprocal model of nega- 
tion can be shown to be isomorphic to this 


complement operation. 
The union of two fuzzy sets, A and B, 


is denoted A + B, and is defined as: 
A+B= [| Слаб) ^ fale), x], (10) 
x 


where 
fa(x) ^ /в(х) = max[fa (х), fn(x)]. (10) 


The union of two sets corresponds to the 
logical or operation. In fact, in the situation 
where the grades of membership take on 
values of only 0 and 1, Equation 10 reduces 
to the Boolean or operation of set theory. 
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TABLE 1 
LABELS or Fuzzy Sets AND THEIR 
PREDICTED OPERATIONS 
Label Operation 

SMALL Sf matt 

LARGE Í targe 

NOT SMALL 1 mall 

NOT LARGE 1 — fiarge 

VERY SMALL Sf smatt 

VERY LARGE Í targe " 

NOT VERY SMALL 1 — fia 

NOT VERY LARGE 1 — ftare 

2 

Semat = f very mat? 
Í targ? = J very large” 
1 amati! 
1 — fuod 


EITHER LARGE OR SMALL maxLftarger f mat] 


The intersection of two fuzzy sets is 
denoted A f^) В and is defined as: 


ANB= L Cal) ^ fal) x], (12) 
where 


fa(x) ^ ]в(х) = min[fa(x), /в(х)]. (13) 


The intersection corresponds to the logical 
connective and, which also reduces to the 
Boolean operator for grades of membership 
of 0 and 1. 

The above descriptions serve to demon- 
strate how various linguistic operators can 
be defined in terms of fuzzy sets. Zadeh 
(1972) and Lakoff (1973) have attempted 
to demonstrate that various linguistic 
operators (e.g., very, rather) can likewise 
be incorporated into the system of fuzzy 
logic by being considered as additional 
operators upon linguistic variables. For 
example, the adverb very appears to act as 
an intensifier. Zadeh reasoned that given 
a fuzzy set labeled A, very A should be of 
the form: 


very A = h [fa*(x), x]. 


This formulation was later generalized to: 


very A = |, [fa^ (x), x], 


(14) 


where а> 1.0. 


(15) 


Both Lakoff and Zadeh further analyzed 
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operations that were concatenations of the 
primitive operations. For example, given 
the definitions of not (Equation 9) and 
very (Equation 14), the operation of not 
very A implies: 


nol very A - f. [1 —fa2(x), x]. (16) 


As part of the axiomatic system of fuzzy 
set theory, Zadeh (1968) generalized to 
fuzzy set theory the relation between the 
probability (P) of an event A, and the 
expected value of its membership function, 
that is: 


P(A) = E(fa). (17) 


Equation 17 has certain direct psychological 
implications. For example, the application 
of a term to an element might imply a 
grade of membership between .0 and 1.0. 
However, the overt judgment of the rela- 
tion of the term and element might require 
a binary (yes-no) reply. Using Equation 17, 
the distribution of binary responses can 
be related to the grade of membership of 
the element in the fuzzy set labeled by the 
term. A technique is thus available for 
empirically verifying the predictions of 
fuzzy set theory in terms of the implica- 
tions for human information processing. 


Psychological Implications 


Zadeh (1973) proposed that in dealing 
with humanistic systems we apply the 
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FIGURE 2. Membership function for not small. 
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principle of incompatibility: “Аз the com- 
plexity of a system increases, our ability 
to make precise and yet significant state- 
ments about its behavior diminishes until 
a threshold is reached beyond which preci- 
sion and significance (or relevance) become 
almost mutually exclusive characteristics” 
(p. 28). Given the complexity of the system 
that psychologists study, one need not 
search far in order to appreciate the ap- 
plicability of the above principle to the 
study of behavior. 

This principle can actually be applied 
from two separate viewpoints. The first is 
in the description and explanation of be- 
havior and in data analytic techniques. 
Some work has already been started in 
such areas as role theory (Thomason & 
Marinos, 1972), pattern classification (Bell- 
man, Kalaba, & Zadeh, 1966), and cluster- 
ing techniques (Ruspini, 1970; Bezdek, 
Note 3). The second view is in describing 
and explaining how people interact with 
the world around them. While both lines of 
research could profit greatly from utilizing 
these new quantitative techniques provided 
by fuzzy set theory, we have chosen the 
latter line of inquiry. 

It was shown in the section on vagueness 
that people have the ability to comprehend 
and manipulate vague concepts. If this 
behavior could be described in terms of 
fuzzy logic, this new quantitative tech- 
nique might motivate the development of 
new methods for the modeling of language 
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FIGURE 3, Membership function for not large. 
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FIGURE 4. Membership function for not very small. 


comprehension, reasoning, natural problem 
solving, and other complex behavioral proc- 
esses. To be more specific, the theoretical 
position that runs through this line of 
research is that people comprehend vague 
concepts (ї.е., all natural language con- 
cepts) as if the concepts are represented as 
fuzzy sets. Moreover, people manipulate 
vague concepts as if they are processing 
according to the rules of fuzzy logic. Several 
preliminary studies appear to support this 
theoretical position. 


EXPERIMENT 1 


Since Zadeh (1972) and Lakoff (1973) 
both make explicit claims as to the manner 
in which fuzzy sets should be transformed, 
it was felt that a logical first step would be 
to obtain some baseline fuzzy sets and 
empirically evaluate the transformations 
that occur when these sets are operated 
upon by negation and the addition of 


hedges. 


Method. 


Subjects. Nineteen undergraduates at The Johns 
Hopkins University served as paid subjects. 

Stimuli. Twelve slides, each containing a black 
square on a white background, were used as the 
physical stimuli. When projected on the screen, the 
squares measured 4, 6, 8, 10, 12, 16, 20, 24, 28, 32, 
40, and 48 in. (10.2 cm to 121.9 cm) on one side. 

Labels of the fuzzy sets consisted of the adjec- 
tives large and small paired. with various combina- 
tions of not and the intensifier very. In addition, in 
order to test the concept of fuzzy union, the phrase 


E 


X I-fyERY LARGE 
ef 
at NOT VERY LARGE 


GRADE OF MEMBERSHIP 
m 1 
-Ч- 


оош 
ras 4 5 6 T 86 9 юш @ 
SQUARE SIZE 


FiGURE 5. Membership function for not very large. 


either large or small was also used. The 13 labels are 
shown in Table 1, along with the predicted trans- 
formations from Zadeh (1973). 

Procedure. Subjects were run in one group. Each 
received an answer sheet containing the 13 phrases 
in one of 10 random orders. Below each phrase were 
12 spaces. Subjects were instructed to look at the 
first phrase. They were told that they would be 
shown 12 squares in a random order. They were to 
simply look at each square and decide whether the 
phrase applied to it. If it was appropriate, they 
were to enter yes in the appropriate space; if it 
was not appropriate, they were to enter no. This 
procedure was repeated for each phrase, with a 
different random order of squares in each block. 
Slides were exposed for 1 sec. Subjects were given 
additionally 5 sec in which to respond. Before 
the start of the experiment the 12 squares were 
shown in ascending order to insure that everyone 
was operating within approximately the same 
context. 

After every block of 12 slides, subjects were given 
a 30-sec break. After all 13 blocks, they were given 
an additional 5-min. rest, and the process then was 
repeated with different randomizations. Thus every 
subject responded twice to every combination of 
square and phrase. The entire session lasted 50 min. 


Results 


Since Zadeh (1968) had equated the 
probability of a fuzzy event with the ex- 
pected grade of membership of the event, 
the proportion of yes responses for a 
particular square and phrase was inter- 
preted as the grade of membership for that 
square in the fuzzy set labeled by the 
phrase. (The data were scaled by the 
method of successive intervals [ Diederich, 
Messick, & Tucker, 1957] to obtain a 
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psychological scale for the square size. 
Since the use of this scale in no way changed 
any of the results, the data are reported 
simply in terms of the ordinal square size.) 

Figures 2 and 3 show the membership 
functions for not small and not large, 
respectively. In each graph the negative 
phrase is plotted with the complement of 
the corresponding affirmative phrase. In 
these figures, as in all remaining figures, 
the ordinate corresponds to the grade of 
membership (truth value), while the ab- 
scissa corresponds to the ordinal square 
size. Figures 4 and 5 relate not very small to 
the complement of very small and not very 
large to the complement of very large 
respectively. Figures 6 and 7 show the cor- 
responding relations for very very small and 
very very large, respectively. The fact that 
the graphs indicate a reasonably good fit, 
and the fact that the average root mean 
square error over all positive-negative 
pairs was less than .07 supports the fuzzy 
set notion of negation as being the comple- 
ment of the positive set.? 


2 Note that these results can likewise be predicted 
by a Thurstonian model where the concept is as- 
sumed to be constant and the evaluation of the 
square size is the variable component. Fuzzy set 
theory assumes that the response variability is 
mainly due to the vagueness of the verbal concept? 
The perception of square size is relatively constant: 
Differences at this point are more a matter © 
theoretical perspective than of quantitative Pre 
diction. 
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Ficure 6. Membership function for 
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Figure 8 is a graph of not large and small. 
Although the two functions are mono- 
tonically decreasing, they do not represent 
the same concept. Not large appears to 
extend the concept small to include the 
midrange of the continuum. 

The effect of the intensifier very on the 
concepts small and large are plotted in 
Figures 9 and 10, respectively. Note that 
the relation between /arge and very large, 
very large and very very large, and so on 
corresponds to the definition of entailment 
for fuzzy sets. Within each triplet (e.g., 
small, very small, very very small) the slopes 
of the functions appear approximately 
equal. (This was confirmed by the succes- 
sive intervals analysis.) The equality of the 
slopes implies that the influence of very 
did not appear to reduce the vagueness of 
the concept. Now if Zadeh's (1972, 1973) 
hypothesis concerning the functioning of 
very as a power function is accurate, the 
slope of the function should increase as the 
intensifiers are concatenated. This does not 
seem to be the case. 

Various classes of operators were tried 
in order to find a reasonable mapping 
function from a concept to the concept 
modified by very. Although a reasonable fit 
was obtained with a power function, it was 
felt that a more straightforward explana- 
tion was appropriate. In examining the 
plots of the membership functions it ap- 
peared that the addition of the intensifier 
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FIGURE 8. Membership functions for 
not large and small. 


very served to simply translate the func- 
tion along the abscissa. Support for this 
finding comes from the work of Cliff (1959), 
who found that adverbs tended to function 
as multiplicative constants. (Recall that 
Cliff was working under the assumption 
that the meaning of an adjective could be 
characterized as a point on a scale: The 
adverb functioned to shift the point along 
the scale.) A least squares method was used 
to obtain the best shift for very and very 
very. However, for ease of exposition, it is 
sufficient to describe the translation for 
very as two ordinal scale units and very very 
as an additional ordinal scale unit toward 
the extreme of the scale. The results of 
this shifting operation are shown in Figures 
11 and 12. 

Figure 13 is a plot of the phrase either 
large or small and the operation of fuzzy 
union on the concepts large and small. 
While there is a definite similarity in the 
shape of the two functions, the discrep- 
ancies are more than minimal. The plot of 
the phrase is depressed in relation to the 


5 overall were .074, .214, 


3 Root mean square error 
exponential, 


and .061 for the best-fitting power, 
and translation functions, respectively. 
4From the successive intervals scaling of the 


psychological square size, the ratio of the best 
translation to the mean intersquare distance was 
actually 1.81 and 1.15 for very and very very, re- 


spectively. 
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FIGURE 9. The effect of very on the concept small. 


fuzzy set theoretic prediction. Some of the 
discrepancy is probably due to the difficulty 
that some subjects reported in evaluating 
this concept: the result being that the data 
contains possible inverted responses. 
Overall, several conclusions are clear. 
Concepts defined by extension can be 
considered as fuzzy sets, and people tend 
to interpret these concepts and their 
variations in terms of operations on fuzzy 
sets. Negation can be characterized by the 
complement of the positive set. The effect 
of the intensifier very can also be inter- 
preted as an operation on a fuzzy set, al- 
though its empirical form deviates from the 
predicted function. Operators like ло! and 
very can be concatenated with themselves 
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FIGURE 11. Very as а translation operation. 


and each other, with predictable results. 

It would have been nicer if Zadeh’s 
(1972, 1973) hypothesis of very operating 
as a power function of the grade of 
membership was applicable. Although such 
a finding would have supported the 
generality of the operation of very, the 
form of the operation is an empirical 
question. Very defined as a translation 
operation is obviously class dependent: 
It can certainly be generalized to other 
relative adjectives (e.g., good, short, hot): 
How such an intensifier would operate ОП 
the class of absolute adjectives (e.g., he 18 
very British, this is very red) remains t? 
be determined. Intuitively, it appears that 
the meaning of very in very large is qualita- 
tively different from very in very British. 
The former implies an extreme of a СОП" 
tinuum; the latter implies a greater 
emphasis on characteristic features (Lak 
off, 1973). " 

The most important point of Experimen 
1 is that no longer is the variability abou 
the mean of a distribution considere? у 
be strictly the result of noise in the syste™ 
or the uncontrollable 


influence of 


specific interpretation in terms of the £^ 
of membership of the element in the 
set denoted by the concept label. 


EXPERIMENT 2 


5 А at t 
Experiment 1 demonstrated aa те. 
composite responses of a group of sub) 
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Ficure 12. Very very as a translation operation. 


could be considered as reflecting operations 
on fuzzy sets. The argument would be 
more convincing if it could be shown that 
individual subjects display similar be- 
havior. Experiment 2 therefore can be con- 
sidered a replication of Experiment 1 
with repetitions across days for a single 
subject rather than across subjects for a 


single presentation. 


Method 


Subjects. Four student 
University, who had no 


served as paid subjects. 
Procedure. The experimental procedure was 


similar to Experiment 1. Exposure time for the slides 
however, the intertrial intervals 
were under subject control. In order to obtain more 
information from each trial, confidence ratings were 
also used. Subjects were instructed to respond yes or 
no according to whether the square viewed was 
appropriate for the phrase. After this response was 
recorded, subjects rated how confident they were 
in their decision on а 5-point scale, where 1 was 
interpreted as purely guessing and 5 as absolutely 


certain. 

In a typical session, which lasted less than 1 ш, 
a subject judged all combinations of the 12 squares 
and 13 phrases twice. Each subject participated in 
five such sessions over 5 days. 


s at The Johns Hopkins 
t been in Experiment 1, 


remained at 1 sec; 


Results 

The binary decisions and the confidence 
ratings were integrated into a single scale 
over the closed interval .0 to 1.0. For ex- 
ample, a ло judgment with a confidence 
rating of five was assigned .0, while a yes 
response with a similar confidence rating 
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FiGURE 13. Membership function for 
either large or small. 


was assigned 1.0.5 Although there is no 
clear theoretical justification for this map- 
ping, the resulting scale seemed to reflect 
the important conceptual ideas implicit in 
fuzzy set theory. The extremes of definite 
membership and  nonmembership cor- 
respond to judgments that were rated as 
highly confident. Likewise, judgments rated 


if d is the binary applicability 
—1 = no) and r is the value on 
then the grade 


5 More formally, 
decision (1 = yes, 
the confidence scale (1 <r <5), 
of membership is defined as: 


Grade = 5. xa) 
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Ficure 15. Membership functions from Subject 1 
for not large and not small. 


as purely guessing corresponded to the 
crossover points in a fuzzy set.® 

The results of three of the four subjects 
resembled, with minor differences, the 
results of the group experiment (Experi- 
ment 1). Moreover, since there were no 
important differences among Subjects 1-3, 
only Subject 1 will be discussed. Subject 4 
was quite different and will be discussed 
separately. 

The results of Subject 1 are shown in 
Figures 14-20. Figure 14 compares the 
membership functions for large and small 
with similar functions obtained from the 
group experiment (Experiment 1). Al- 


e—e NOT VERY LARGE 
*--+* INOT VERY SMALL 
X—X i-IvERY SMALL 

X*--X I-IVERY LARGE 


GRADE OF MEMBERSHIP 


—— M " 
4 5 6 T 8 39 юп е 
SQUARE SIZE 


FIGURE 16. Membership functions from Subject 1 
for not very large and not very small. 
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FIGURE 17. Membership functions from Subject 1 
for not very very large and not very very small. 


though the functions for large appear very 
similar, the concept small is more exten- 
sive for Subject 1 than for the group.  — 
Information of this type might be useful in — | 
studies on individual differences in com- 
prehension, but is irrelevant for the theory — - 
being considered. The hypothesis being 
tested is that the operations on fuzzy sets 
should remain constant, independent of the 
basic membership functions. 

Figures 15, 16, and 17 compare the | 
negative concept to the complement of the 
corresponding positive concept. As with 7 
Experiment 1, the functions are quite 
similar, implying that the effect of negating 
a concept is to replace the grades of 
membership with their complements. 

Plots of very as a shifting operation arè — — 
shown in Figures 18 and 19. As with the 
group data, the goodness of fit indicates 
that the translation operation is a tenable 
description of the effect of modifying ? 
concept by very. Finally, Figure 20 shows 
that the membership function for either 
large or small shows a slight depression " 
relation to the fuzzy union of large а" 
small, as was found in Experiment 1. 


а А 1 А пр” 
5 Inherent in this transformation is the assu" р 


tion that equal confidence intervals reflect ego: 
differential grades of membership. The compari 
of the concept large for the group and for 4) 
individual subject, here Subject 1 (see Figure 
tends to support this assumption. 
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FIGURE 18. Very as a translation operation. 
(Data are from Subject 1.) 


Of the 3 individual subjects and the 19 
group subjects tested, all responded in a 
similar manner. Their judgments all re- 
flected fuzzy logical operations where the 
concept appeared to dichotomize the con- 
tinuum (in a fuzzy manner) into a region 
of inclusion and a region of exclusion. Al- 
though these findings do reflect the as- 
sumptions of fuzzy set theory—from the 
perspective of linguistic processing—some 
of the results are rather anomalous. Ac- 
cording to Bolinger (1972), the use of 
litotes such as not very does not imply the 
complement of the continuum as Figures 4 
and 5 show, but only some range near the 
middle of the continuum: For example, 
to say that someone is not very tall is 
typically interpreted as meaning that he 
is rather short or sort of short. Subject 4 
made judgments drastically different from 
the other subjects and seemed to be re- 
Sponding according to this more "idio- 
matic" interpretation of the phrases. 

Figures 21 and 22 show the various 
Positive membership functions as per- 
ceived by Subject 4. Whereas the other 
Subjects perceived the operation of very 
9n the concept small as defining successively 
Smaller fuzzy subsets, Subject 4 interpreted 
ie Phrases as (fuzzy) overlapping cate- 
Maxiny A square that is judged to have a 
very i grade of membership in the set 
D У small is considered to be a marginal 

"o7 736) member of the set small. From 
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FIGURE 19, Very very as a translation operation. 
(Data are from Subject 1.) 


the shape of the membership functions in 
Figures 21 and 22 it can be argued that 
the concept of strict entailment was not 
functioning for this subject. The fact that 
a square is judged to be very very large 
does not entail that it is also /arge. 

The membership functions for not small 
and not large are presented in Figures 23 
and 24, respectively, along with large and 
small, It appears that the two negative 
terms are rather general concepts repre- 
senting the middle region of the contextual 
range. Functions for not very small and not 
very large are plotted in Figures 25 and 26, 
respectively. The functions seem to indicate 
that for this one subject the term not 
operates upon the intensifier very rather 
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either large or small. 
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FIGURE 21. Membership functions containing 
small for Subject 4. 


than on the entire concept. More explicitly, 


the original empirical formulation for not 
very small is: 


= furi smau(%) (18) 
faux + d), (19) 


where d is the amount of translation on the 
abscissa. Over at least a portion of the 
domain, a tentative hypothesis for the be- 
havior of Subject 4 might be: 


= for smai (X — 2d) 
= fma(x — d), (20) 


that is, the function of not operates on the 
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FIGURE 22. Membership functions containing large 
for Subject 4. 
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Ficure 23. Membership function from Subject 4 
for not small. 


function very by translating the function 
about the base membership function. This 
formulation is extremely speculative, and 
the data to support the operation comes 
from only one subject out of 23. Neverthe- 
less, it must be recognized that the em- 
pirical functions produced by this one 
subject, far from being random, appear to 
obey lawful relationships. 


EXPERIMENT 3 


The question remained as to why 22 
subjects would respond in a (fuzzy) 
logically predictable manner, and only one 
subject respond in a manner that somewhat 
reflected a linguistic interpretation. Per- 
haps the demands of Experiment 2 were 
such as to force Subject 4 into responding 
in the more logical manner. To test this 
hypothesis Experiment 3 was performed ; 
the context was varied in the hope that à 
more linguistic interpretation would result- 


Method 


Subjects. Fourteen undergraduates at The Johns 
Hopkins University, not involved in the ргеуіои® 
experiments, participated as paid subjects. zd 

Stimuli. The 12 squares used in Experiments с 
and 2 served as the physical stimuli. The terms wer 
composed of the adjectives large and small, que. 
appeared unmodified and in combination with nd 
VY, and not very, In addition, the hedge sor! ^ 


ГА 


be- | 


je 5 Же ye 
Was included in order to evaluate the relation 
tween not very and this relaxive adverb. 
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FIGURE 24, Membership function from Subject 4 
for not large. 


The terms were integrated into sentences of the 
form, “This is sort of small,” which were then re- 
corded in a random order onto one track of a stereo 
magnetic tape. The hope was that the auditory 
presentation of the sentences might be reflected in a 
more natural language interpretation. Two identical 
tapes were made. On Tape 1 the phrases not very 
large and not very small received strong emphasis 
on the word not. On Tape 2 the word very was 
emphasized. The remaining sentences were dubbed 
from the same master tape and thus were identical. 
On the second track of each stereotape synchroniza- 
tion information to automatically advance the slide 
projector was recorded, 

Procedure. Subjects were randomly assigned to 
one of two treatment groups corresponding to which 
audiotape they would hear. The procedure for 
each group was identical. On each trial a slide 
would be projected. At the same instant that the 
slide was exposed, a sentence would be heard. The 
Subject was to simply look at the slide and decide 
Whether the sentence he was hearing was appro- 
Priate with reference to the square on the slide. 
Subjects circled the appropriate response (yes or 
no) on an answer sheet and indicated on a rating 
Scale from 1 to 3 their degree of confidence in their 
decision. After 10 stimulus pairs there was a 15- 
Sec pause, and after every 60 trials а 2-min. rest 
Period. Each subject saw all combinations of the 12 
Squares and 10 sentences two times in a completely 
randomized order. Before they began, subjects 
Were shown the entire range of slides in ascending 
Order and the range of sentences, so they would all 
4S Operating in approximately the same context. 

e entire session lasted less than 45 min. 


Results 
"s findings of Experiment 3 demon- 
unde, ‘ow robust the various concepts are 

г Y . és эе, 
differing experimental conditions. 
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for not very small. 


Figures 27 and 28 show, respe 
correspondence between 
from Experiments 1 and 3. It is apparent 
that neither the change in modality 
(visual/auditory), emphasis, context 
(phrases/sentences), nor design (blocked/ 
completely randomized) had any influence 
on the results. The functions for the other 
concepts correspond in a similar manner. 
The only other result of interest is the 
membership functions for sort of small and 
sort of large. These functions are plotted 
in Figures 29 and 30, respectively, and 
compare favorably with the plots for noé 
very small and not very large for Subject 4. 
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Г1сске 26. Membership function from Subject 4 
for not very large. 
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FIGURE 27. Membership functions for small from 
Experiment 1 (visual stimuli) and from Experiment 
3 (auditory stimuli). 


EXPERIMENT 4 


In Experiments 1-3, having to make 
judgments on more than one phrase may 
have led subjects to treat concepts and 
modifiers in the observed "logically" pre- 
dictable manner. This may result from 
subjects redefining the phrases in relation 
to each other. That is, the subjects may 
adopt a response strategy for specific 
phrases that is influenced by the other 
phrases used in the experiment. So, for 
example, the type of response to not very 
small may be a function of how the subject 
responded to very small. To overcome this 
possible contextual effect, an experiment 
was performed where each subject had to 
judge only a single phrase. It was felt that 
in this case, subjects might give a linguistic 
as opposed to logical interpretation to the 
phrases. 


Method 


Subjects. Forty-five undergraduates at The Johns 
Hopkins University, who had not participated in 
the earlier experiments, served as unpaid subjects, 
There were 10, 11, 12 and 13 subjects in the large, 
very large, not very large, and sort of large conditions, 
respectively. 

Stimuli. Twelve black Squares, proportional in 
size to the Squares used in Experiments 1-3, were 
mounted on a white ba kground. The mounted 
Squares were fastened in ascending order (left to 
right) to a blackboard in the front of a cl 
Below each square was a num 


idSsroom, 
ber corresponding to 
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the ordinal ranking. Unlike the preceding experi- 
ments, only four phrases were used: large, very 
large, not very large, and sort of large. 

Procedure, Subjects were given a sheet of paper 
containing a single phrase and were instructed to 
look at the 12 squares and write down the identify- 
ing number or numbers of squares that might 
correctly be characterized by the phrase written 
on their sheet. Experiment 4 lasted approximately 
2 min. 


Results and Discussion 


Figure 31 shows the membership func- 
tions for the four phrases. Two results are 
important. First, there is a small but pre- 
dictable decrease in the grade of member- 
Ship of the largest square for the concept 
large. "This result is consistent with a 
linguistic interpretation. of large, where 
large is not strictly entailed by very large. 
Second, the phrase not very large is clearly 
not the complement of very large. Rather 
as predicted by the linguistic interpretation, 
it seems to be functioning as sort of small 
(compare Figures 30 and 31). What is 
important here is simply that vot very large 
is not the complement of very large. These 
two results together suggest that subjects 
will tend to give linguistic interpretations to 
the phrases if experimentally induced 
context effects are eliminated. The question 
arises whether these results are inconsistent 
with the formalism of fuzzy set theory. We 
think not. At worst they will complicate 
the particular characterization of various 
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operators but not invalidate the principle 
claim that intensifiers and hedges can be 
described as operators on fuzzy sets. In fact, 
recall that we did give a formal, though 
tentative, formulation of the operations 
underlying the use of adverbs for the sub- 
ject (Subject 4) who used a linguistic 
interpretation in judging the application of 
phrases to square size. The actual form that 
the operators and concepts take is an 
empirical issue to be determined by experi- 
mentation. Once we have determined the 
forms they take we can then Proceed to 
see whether we can give them an inter- 
pretation within the framework of fuzzy 
set theory. This is essentially the procedure 
followed in the "odd" case of Subject 4 
in Experiment 2. 


GENERAL Discussion 


The most important conclusion to be 
drawn from our results on the effects of 
operators not and very on the concepts 
small and large is that natural language 
concepts can be described more completely 
and manipulated more precisely using the 
framework of fuzzy set theory. A further, 
not uninteresting, finding was that con- 
cepts and operators can be interpreted in 
two different ways: what we have called 
the Linguistic and logical interpretations. 
This latter finding is independent of any 
considerations relating to the treatment of 
Concepts as fuzzy sets. It, however, does 
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FIGURE 30, Membership function for sort of large. 


have important consequences for general 
psycholinguistic theory. Thus, it raises a 
cautionary note to be heeded by those who 
would treat certain lexical items as if 
they were strict logical operators. The 
results we have reported show that in 
certain natural language settings entail- 
ment does not strictly hold (e.g., large is 
not strictly entailed by very large) and that 
certain combinations of operators will 
assume an idiomatic sense very different 
from that predicted by a simple linear 
combination of the lexical items con- 
stituting the phrase (e.g., not very large). 

As pointed out in the introduction, the 
implicit claim underlying our work is that 
natural language concepts are intrinsically 
vague, a view shared by an increasingly 
large number. of psychologists, linguists, 
and philosophers. The treatment of natural 
language concepts as vague has important 
implications for semantic theory. The 
major implication is that the meaning of a 
term could be specified as a fuzzy set of 
meaning components. That is, a specific 
meaning component need not be neces- 
sarily either a member or a nonmember of 
the set of features that define the meaning 
of a term. All that is required in this view 
is that a meaning component have a non- 
zero degree of membership in the set. This 
approach, then, avoids a problem that has 
been the attention of a number of recently 
published reports where increasing em- 
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Ficure 31. Membership functions resulting from 
the presentation of a single phrase to each subject 
(Experiment 4). 


phasis has been placed on the problem of 
how to exactly determine what aspects of 
the meaning of a term are necessary and 
sufficient to characterize that term (Lehrer, 
1970; Slote, 1966). The thrust of a number 
of empirical reports is that the traditional 
component approach to meaning (e.g., 
Katz & Fodor, 1963) incorrectly assumes 
that a specific component can be said, 
without any uncertainty, to be necessary 
for the definition of a term (Caramazza, 
Grober, & Zurif, in press; Garvey, Cara- 
mazza, & Yates, 1975; Lehrer, 1970; 
Rosch, 1973; Smith, Shoben, & Rips, 1974), 
More generally, the traditional componen- 
tial approach is criticized for treating all 
components as contributing equally to the 
definition of a term. The alternative pro- 
posal emerging from these critical reports 
is that various components of meaning are 
differentially important to the definition of 
a term and, in addition, that no subset of 
these components can conclusively be said 
to be necessary and sufficient to define a 
term: That is, the semantic structure of a 
term itself is ill-defined, or vague. Though 
this latter approach may seem to be un- 
necessarily complicated, it allows for more 
natural explanations of important classes 
of semantic phenomena. Thus, for ex- 
ample, Labov (1973) has shown that 
attempts to give well-defined character- 


izations in terms of traditional com- 
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ponential analysis of the semantic struc- 
ture of a common concept such as cup are 
inadequate. Labov obtained data on the 
consistency of naming various cuplike 
objects that support a theory in which 
various features are differentially weighted 
as necessary to define the term. The 
results Labov reported have been replicated 
in two independent studies with children 
as subjects (Anderson, 1975; DeVos & 
Caramazza, Note 4). In the study by 
DeVos and Caramazza (Note 4), it was 
shown that perceptual features of objects 
and functionally determined contexts inter- 
act in fairly specific ways to determine the 
label a child will assign to an object. The 
implication of this latter study is that from 
very early in life a child forms concepts 
that are vague (fuzzy), and contextual cues 
operate on perceptual features to determine 
the relative weighting the features are 
assigned in choosing a label (name) for 
the object. It is unclear how a traditional 
feature theory of meaning would handle 
such findings without recourse to complex 
ad hoc principles. 

The importance of vagueness (fuzziness) 
as a basic concept in semantic theory can 
be seen by considering yet another semantic 
phenomenon: polysemy.  Lexicographers 
have long recognized the fluidity of poly- 
semy: No clear boundary distinguishes 
polysemy from homonymy. However, tradi- 
tional feature theory requires that а 
definite demarcation hold between poly- 
semous and homonymous ѕепѕеѕ 68“ 
sentially marked by the presence of а 
specific feature. In fact, the defining 
property of polysemous words is that the 
senses that comprise a word share a con” 
mon meaning core while at the same tim 
differ sufficiently to be recognized ЯР 
distinct from each other. In a recent 177 
vestigation of polysemous words, it W@° 
shown, however, that the grade of member 
ship of various senses in a general wort 
concept vary considerably (Caramazza М 
al., in press). This finding is difficult 
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within a theory that allows "vague" core 
meanings, where specific senses differ in 
degrees of membership to that core. Inci- 
dentally, it should be pointed out that 
Katz and Bever (Note 5) have criticized 
theories that postulate graded membership 
of instances in categories for confusing 
performance variability with inherent vari- 
ability in concepts. They also make the 
blanket assertion that theories of this sort 
are based on empiricist principles. While 
not necessarily disagreeing with their 
characterization of Rosch's (1973) work, 
in particular, as having an empiricist flair, 
we find their wholesale labeling as “em- 
piricist" theories that propose vague con- 
cepts to be rather naive. That is, there is 
по à priori reason to suggest that a rational- 
ist theory necessarily excludes vague 
concepts. 

To conclude, we are proposing that 
natural language concepts be considered as 
inherently vague and, specifically, as fuzzy 
sets of meaning components. We are also 
proposing that language operators—nega- 
tive markers, adverbs, and adjectives— 
be considered as operators on fuzzy sets. 
Though the research we have reported in 
this article deals with a very narrow issue, 
modifying concepts, it does relate nonethe- 
less in a direct way to semantic theory. 
Specifically, we have tried to give theo- 
retical and empirical justification for the 
use of a formal system that can handle 
vagueness. The formal treatment of vague- 
ness is an important and necessary (in our 
view) step toward a more comprehensive 
handling of natural language phenomena 
and the communication of vague in- 
formation. 
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SUMMARY 


It isa common assumption that memories consist of 
or attributes. Rigorous and direct investigation of the function 
these sets has been relatively neglected however. Two import: 
posed here. First, are the interrelationships of different compon 
are they asymmetric? Second, how do components interact wher 
is used as a cue for recall? 

These questions were answered by examining memory for series of items whose 
objective components were statistically independent of one another. The items 
were color photographs which each depicted a particular object (e.g., a cup) of a 
particular color (e.g., yellow) in a particular location (e.g., the top left corner of 
the backdrop); the photograph also occurred in a particular sequential position 
of course (e.g., as the second photograph of a series). After a filled 25-sec delay, 
a recall of each item was assessed using one, two, or three of these four components 
as cue for the remainder. 

A fragmentation hypothesis was suggested to account for the results concerning 
| the visual attributes. This postulates that a memory trace corresponds to a 
fragment of a perceived situation. À fragment can be excited by the provision of 
a single constituent as cue: Recall is therefore reflexive, and the cuing of a memory 
by several of its constituents is no more effective than that by a single one. Multiple 
1 cuing will usually produce rather higher overall recall simply because there is an 
increased chance that at least one of the cue components is stored in the corre- 
sponding fragment. Upon rigorous testing it was found that the hypothesis pro- 
vided an accurate representation of recall. Two other models, an “independent 
cue" hypothesis and a model based upon that of Anderson and Bower (1973), were 
significantly discrepant with the data. 
Sequential position did not conform to the fragmentation hypothesis, correct 
recall being more likely when sequential position was used as a cue for another 
: component than when it was itself cued for. In the latter case the median recalled 
value of sequential position was related to the true value by a power function, 
An implication is that the lower level of recall usually occurring for items in the 


middle of a list is due to the increasing inaccuracy of the contextual component 
being used as the implicit cue. 
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It seems intuitively plausible, and theo- 
retically viable (e.g., Bower, 1967b; Tulv- 
ing & Thomson, 1973), to postulate that 
a “memory” corresponds to the mental 
storage of a set of interrelated components. 
Such a set may be "remembered" when one 
or more of its component attributes is sub- 
sequently provided as a “cue.” Two 
fundamental aspects of this recall process 
are examined here. First, is cuing sym- 
metric? Is the probability of recalling 
Attribute а when given Attribute b as cue 
the same as that of recalling Attribute b 
given a? Second, what is the effect of 
providing two independent cues for recall? 
How does the probability of recalling 
Attribute a when given both b and c as 
cues relate to the probability of recall 
given either b or c alone? A quantitative 
investigation of these questions was carried 
out which led to a general formulation of 
the nature of the memory trace. 

The method used, as in the independent 
investigations of Anderson and Bower 
(1973, chap. 10) and Tulving and Watkins 
(1975) was a form of cued recall—in this 
case not of verbal material but of a series 
of naturalistic pictures. Each of the items 
to be remembered had four specific attri- 
butes. A yellow cup in the top left corner of 
the second picture in a series would be an 
example, containing the four components 
color, object type, location, and sequential 
position. Subjects were later cued for recall 
of each item by the provision of one or 
more of its attributes. They might, for 
instance, have been asked to recall the 
color and location of the cup and the 
sequential position of the picture which 
contained it. Alternatively they might have 
been cued by yellow and second and have 
had to attempt recall of the corresponding 
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location and object type; or, cued by cup, 
lop left and second, have had to recall color. 

Sequential position was included to act 
as an explicit form of the contextual in- 
formation usually implicit in the formation 
of recent memories. It has been suggested 
by Tulving (1968) and more recently by 
Baddeley and Hitch (1974) that it is possi- 
bly the declining accuracy of this type of 
information, rather than the mere passage 
of time, which gives rise to the recency 
effect (improved recall of the last few items 
in immediate free recall). If this were the 
case it would be expected that a "recency" 
effect could occur even after a consider- 
able delay between presentation and recall 
if cuing were of an appropriate type. 

Previous research has not resolved 
whether the recall process is fundamentally 
symmetric. Overt performance has been 
shown to be asymmetric in certain cir- 
cumstances, with nouns, for example, 
generally acting as better cues for adjectives 
than vice versa (Horowitz & Manelis, 
1972; Lockhart, 1969). Asch and Eben- 
holtz (1962), however, demonstrated ap- 
proximate symmetry in the recall of two- 
component visual patterns and argued that 
asymmetry in other circumstances derive 
from differential “availability” of the com- 
ponents. The present experiment sought 
greater generality by investigating the 
simultaneous interrelationships of four dif- 
ferent components. 

The effect of providing more than one 
recall cue has been investigated by using 
as cues for a "target" word either commo? 
free associates of it (McLeod, Williams, © 


its functional asymmetry, such a procedu" 
has the disadvantage that there is а D^ 
negligible and variable chance of correct 
generating a target word by guessing alone 
especially when more than one cue 
provided. In the present experiment i 
different components are orthogonal, i d 
therefore the known probability of gener i 
ing a correct answer by guessing alone je 
the same for multiple cuing as for "m 
cuing. 
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FRAGMENTATION HYPOTHESIS 


A plausible "independent cue" hypothesis 
is that if there are several different cues for 
the same item they should each exert in- 
dependent, additive effects. The observed 
efficacy of multiple cuing, however, is 
much less than this hypothesis predicts. 
Instead a new formulation of the structure 
of the recall process is proposed, and proves 
to provide an accurate quantitative repre- 
sentation of the results concerning the 
visual attributes. It is hypothesized that 
memories correspond to “fragments” of 
perceived situations, all-or-none clusters of 
components of the original stimuli: The 
hypothesis implies that the remembering 
process fundamentally is both symmetric 
and also facilitated by multiple cuing only 
insofar as this increases the likelihood of 
cue and fragment overlapping. The recall 
which directly involves sequential position 
constitutes an exception, however, with an 
additional explanation being necessary in 
this case. 

Anderson and Bower (1973, chap. 10) 
have proposed a model, based upon their 
computer program HAM, for data of 
similar complexity concerning the cued re- 
call of sentences. It has been suggested by 
Bower (Note 1) that the results of the 
present experiment may be represented by a 
model derived from that of Anderson and 
Bower. Bower's model proposes that each 
item is stored as a composite proposition, 
with each component having two character- 
istic probabilities: first of retrieving the 
Proposition and second of being itself re- 
Called when the proposition has been re- 
trieved hy other components. The fit of 
this model to the present data is examined 
here and shown to be less accurate than 
that of the fragmentation hypothesis. 


METHOD 
Subjects 


The subjects of this experiment were 54 male 
Students of Cambridge University who were each 
Paid 50р for Participating. Subjects had been pre- 
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Member 5 Were shown sets of nine slides to re- 
"Ach slide was a color photograph of a 


279 


particular type of object (O), painted a particular 
color (C), in a particular spatial location (L). The 
nine objects consisted of a screwdriver, cup, comb, 
milkbottle, ball, scissors, fork, (toy) gun, and (toy) 
flute, while the nine colors were red, orange, yellow, 
green, blue, pink, gray, brown, and black. The 
setting for the objects was a simulated shop window, 
with background drapes and a surrounding window 
frame. The objects were displayed on three steps 
in the center of the window. The nine locations were 
specified by the elements of a 3 X 3 matrix: the 
left, center, and right of each of the top, middle, 
and bottom steps. 

Each subject successively viewed and recalled 
nine separate sets (of nine slides each). Each pairing 
of attribute values occurred exactly once in these 81 
slides, since the values of each of the above three 
dimensions were specified by one of three orthogonal 
9 X 9 Latin squares (obtained by randomization of 
àn example given by Fisher, 1949). Each set of nine 
slides corresponded to a particular row of this three- 
dimensional hyper-Graeco-Latin square, its slides 
being presented in an order corresponding to left- 
to-right progression across the row. Consequently, 
the sequential position (S) of presentation was a 
fourth independent and orthogonal attribute of 
each stimulus. It was used asa cue or asa feature to 
be recalled in exactly the same way as color, loca- 
tion, and object type were. 

The order in which subjects were shown the nine 
sets of slides was varied, in case the level of recall 
of a set was dependent upon its position within the 
session or upon the immediately adjoining sets. 
These factors were controlled by presenting the sets 
in the 18 different orders of presentation specified 
by a double 9 X 9 balanced-predecessor Latin 
square (Williams, 1949). Each of these 18 orders 
was shown to three subjects tested individually. or 
together. 


Questions 


After a delay, the recall of cach set of items was 
tested. Subjects were given answer booklets, each 
page of which represented a particular item. Each 
page depicted the nine possible values of each of 
the four attributes: nine blocks of color, nine 
Silhouettes of objects, nine locations marked on a 
drawing of the backdrop, and nine boxes in a row 
to represent the nine sequential positions. The pages 
were in a different order from that in which the slides 
were presented. On each page, the particular value 
of either one, two, or three of an item's four attri- 
butes had been marked by the experimenter. The 
subject had to attempt recall of the corresponding 
missing three, two, or one attributes. 

Four of the nine items of each set were single cued 
(e.g., by C), three were double cued (e.g., by CS) 
and two were triple cued (e.g., by CLO), There are 
four single-cue types (C, L, О, S), six double-cue 
types (CL, CO, CS, LO, LS, OS), and four triple-cue 
types (CLO, CLS, COS, LOS), Consequently each 
subject was cued by each single-cue type on nine 
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occasions, but by each double- or triple-cue type 
on only four or five occasions. 

The position within the question series of each 
of the different cue types was balanced over sets. 
Two other aspects of the design of the questions 
were also controlled over sets, except for a small 
number of unavoidable exceptions for certain 
multiple-cue types. First, for all cue types each 
different value of each attribute was used as a cue 
once only. Second, the instances of each cue type 
were uniformly distributed over presentation 
sequential position, each different value of the 
sequential position being associated with each cue 
type once only. Thus the question design was 
balanced with respect to the possible effects of 
question order, individual attribute values, and 
presentation sequential position. 


Procedure 


Each subject was given a detailed set of instruc- 
tions to read. The instructions fully informed the 
subjects of the nature of the task; in addition the 
experimenter paraphrased them informally. The 
subject was shown three preliminary slides in order 
to provide familiarity with the type of material to 
be used: first, a slide showing the shop window 
empty; second, one showing all nine object types, 
each in the same color (black) ; and third, one show- 
ing all nine colors, each painted on the same type of 
object (cups). In these last two slides the objects 
were placed in the nine different locations. 

The slides were projected by a Kodak Carousel 
S-AV linked to an electronic timer. After a "get 
ready" slide, the timer controlled the automatic 
exposure of nine slides in succession. The cycle time 
was 2.2 sec (1.1-sec exposure, 1.1-sec dark interval). 
After the ninth slide, a tenth one appeared. This was 
a three-figure number (e.g., 461) which was exposed 
for 25 sec. Subjects counted aloud backward in 
threes from this number until it disappeared, when 
they commenced recall. The purpose of the delay 
interval was to avoid a relatively large difference in 
time between presentation and recall of early and 
late items of the list; counting backward in threes 
(Peterson & Peterson, 1959) obviated the possibly 
distorting effect of preferential rehearsal of certain 
of the list items. Recall was unpaced and took 
approximately 4 minutes for each list. 


RESULTS 


It is shown in this section that the data 
involving sequential position differed fun- 
damentally from those involving the other, 
visual attributes. A fragmentation hy- 
pothesis concerning the patterns of recall 
of the visual attributes is proposed : Upon 
rigorous testing, its implications are found 
to be correct. 

The terminology used is straightforward. 
Particular attributes are referred to as be- 
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fore by their initials in uppercase (e.g., L 
for location), while in general algebraic 
discussion the lowercase symbols a, b, С, 
and d are used in ап undifferentiated 
manner. The probability of recalling Com- 
ponent а when cued by Component b is 
written P(a|b): "a given b." Likelihood 
ratio analysis of contingency tables 1$ 
employed; the resulting statistic, termed 
the minimum discrimination information 
statistic (27) by Kullback (1959, p. 85), 
is asymptotically distributed as chi-square 
(with an appropriate number of degrees of 
freedom). 


Overall Conditional Probabilities 


Table 1 shows the percentage of answers 
correct for each cue-type-answer-com- 
ponent combination. Apart from a few 
omissions, each percentage is based upon 
9 X 54 (ї.е., 486) observations for each 
single-cue type, and upon either 4 X 54 oF 
5 X 54 (ie., 216 or 270) observations for 
the double- and triple-cue types. Table 1 
illustrates two important features of the 
recall in this experiment: its partial sy™ 
metry and its holistic nature. 

First, although pair-wise comparisons 
showed that the single-cued probabilities 
P(a|b) and P(b|a) were nonreflexive ove 
all, 2/(6) = 59.27, р < .001, further anal- 
ysis showed this asymmetry to be confine 
to the data involving sequential position 
21(3) = 56.51, p < .001, for which P(al 5) 
was greater than P(S|a) in each case. In 
contrast, the conditional probabilities whic 
involved only the visual attributes © ^ 
and О were reflexive, 27(3) = 2.76, ns. 

Second, using two (or more) cues 
recall instead of just one produce s 
prisingly little improvement. This rules р. 
an independent cue hypothesis: the pons 
bility that the cues act in a statistic? 
independent way. If this were the pe 
double-cued probabilities would be "Ар 
approximately by Q(a ро) = 0001000 је 
where Q(a|bc) = 1 — P(a|bc), etc- To e 
because the probability of two inden 
dently operating cues both failing. wt 1 
duce recall is the product of their P my, 
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The above equation is not quite accurate 
since it neglects the fact that for both 
single and double cuing there is a base-level 
probability, g, of guessing the correct 
answer by chance. Since the guessing and 
remembering also are statistically inde- 
pendent, in each case we have observed 
О = (1 — g)Qr, where От represents а 
hypothesized level of “true” recall. Hence: 


Q(a|bc) = (1 — £)Q«(a | b) Qs (a | c) 


b с 
- 00100019 T 


It was assumed that guessing was randomly 
distributed over the nine different values of 
each component, and so £ was set at 1/9, 
As an example, the expected P(O|CL) cal- 
culated from P(O|C) and P(O|L) (.417 
and .370, respectively) is .587. This theo- 
retical value is higher than the observed 
.472, which proved to be the case for all 
12 double-cued probabilities. The inde- 
pendent cue hypothesis may be dismissed, 
therefore, since the binomial probability of 
во extreme а result is 2 (1/2)? (i.e., p<.001). 


Fragmentation 


The data of this experiment may be 
presented in a more detailed form than that 
of Table 1. Table 2 shows the frequency of 
occurrence of each possible pattern of cor- 
rectly recalled components to individual 
cuings. Thus, for example, Pattern 1 repre- 
Sents the number of occasions when L, © 
and S were all recalled correctly when cued 
for by C, while Pattern 2 represents the 
Correct recall of L and O but not S when 
Cued for by С. Each class is also shown as a 
Percentage of the total number of occur- 
rences of the relevant cue type. 

Inspection of Table 2 provides further 
evidence of symmetrical, holistic processing. 

п addition to the overall reflexivities ex- 
amined in the previous section, the data 
Concerning the visual attributes contain 
Urther approximate symmetries: For ex- 


^ à : i 4 
wple, the frequencies of LO given C, 
pro, Pi Ven L, and CL given O are all ap- 
pee equal at 73, 79, and ss, 

“уер FEE) ME re ^ incidence 

» оцу Furthermore, the incidence 


and triple-correct answers is 
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Note. C = color, L = location, 


e эё, О = object type, S =se- 
quential position, 


very much greater than it would be if 
these occurred only by the chance con- 
junction of two or three independently 
correct answers. 

The fragmentation hypothesis was 
formulated as a precise expression of a 
possible explanation of these aspects of the 
data. It is shown below that it does not 
apply to the whole corpus of data, but does 
hold rigorously for the three visual attri- 
butes; sequential position is considered 
separately later. 

It is hypothesized that the memory 
trace corresponds to a fragment of the 
stimulus situation and may contain any 
or all of the attributes of explicit interest, 
as well as other attributes not tested in the 
experiment. Any attribute contained in the 
fragment, used as a cue, gives access to the 
remainder of the fragment. 

To take the example of a fragment con- 
taining all three components C, L, and B, 
cuing with either C, L, or O will induce 
correct recall of the other two. It follows 
that, as observed experimentally, the 
probabilities of double-correct answers to 
single cuing, P(ab|c), should be approxi- 
mately equal for different cue types and 
may be large relative to the corresponding 
single-correct | probabilities, P(a\c) and 
P(b\c). Furthermore, for this particular 
type of fragment the provision of, say, both 
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TABLE 2 
FRAGMENTATION REPRESENTATION OF THE COMPOSITION OF RECALL FOR Eacu Cur Tyre 
Pattern Cue Correctly Data Data Theoretical | 
по. їуре recalled frequency % Fragment type(s) % 
1 G LOS 42 8.92 1 9.89 
2 C LO 75 15.92 2 14:36 
3 e LS 14 2.97 3 2.35 
4 C OS 10 2.12 4 2.56 
5 C L 24 5.10 6, 12 4.60 
6 С O 67 14.23 7,13 12.93 
7 C S 27 5.73 8, 14 4.84 
8 С zero, 212 45.01 5,9, 10, 11, 15 4848 І 
Й ‘ 2 $ 9. 
10 E CO 79 16.88 2 14.36 
11 L cs 9 1.92 3 2.35 
12 L OS 22 4.70 5 4.84 
Sot БОШ eT i 
3 ЕБ 9,1 05 
15 L S 65 13,89 10, 13 1115 
a ЖӨ Шо ч 
E 5: .25 9. 
18 О CL 85 18.05 2 14.36 
19 [9 CS 12 2.55 1 2.56 
20 O LS 18 3.82 5 4.84 ' 
21 О C 58 12.31 7,18 12.93 
B © s пя i o nb 7 m 
2 9 zero, 175 37-15 3, 6, 8, 10, 15 39.86 | 
26 Si CI 16 336 3 235 | 
27 5 co 19 4.10 4 2.56 
28 S LO 35 7.56 5 4.84 
29 S С 25 5.40 8, 14 4.84 
30 S П 57 12.31 10, 13 11.15 
31 5 O 33 7.13 11,12 7.51 
у mo oG oiu 2E 
34 CI О 90 33.83 "5 ihe Feat 
35 С, S 30 11.28 3, 8, 10 ma 
36 CL zero 11 41.73 6, 11, 12, 15 Гы 
37 CO LS AT 21.86 1.35749. 14 2 
38 CO L 46 2140 » 2 9 , 21.9 
2 co 5 18 8.37 sii 2207 
) 2 | ү : i 
4 CS [id E: Fd fi 10,18, 15 45.84 
2o CS r а 20 ‚ 2,5, 12,13 35.79 
a cs o 53 19.92 PR E "x 
i. i enm 11 49 — &9a&is 36.52 
46 LO C $3 2108 1, 3, 4, 12, 13 21526 
47 to 5 e 23.05 2,6,7 25.18 
48 LO zero 109 4144 ен 1029 
49 LS co 49 23.0 wo I4 15 Чү 
50 LS C 13 aan 1, 2, 4, 12, 14 31.64 
2 ve О 41 1925 $ aT 16:57 
52 LS Si ‚9, 2 
54 OS C 38 Ds 1,2, 3, 13, 14 2987 
55 05 Г; 4 ; h "71 
AM в MIU zu 
FH CLO 5 Td oT 1, 3,4, 5, 8, 10, 11, 12, 13, 14 4317 
59 CLS б 127 50.07 ү. aie 60.14 
2b Ge AM E о 1,2, 4, 5, 7, 9, 11, 12, 13, 14 65:86 
61 COS L 144 5333 3, 6, 8, 10, 15 5524 
62 COS zero 126 46.67 Р? 3, 5, б, 9, 10, 12, 13,14 11.16 
ы roS С 139 51.48 DIS a 8, 12, 13, 14 51.52 
Й LOS zero 131 48.52 5.9, 10, ids 48.48 6 


Note. С = color, L = 1 і = object ty: S zs > 
De TAY ocation, О = object type, S = sequential Dosition, 


— 
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C and L as cues for O is redundant, since 
either alone would have been sufficient for 
recall to have occurred. Consequently the 
overall improvement with double cuing is 
generally likely to be slight. 

Before the hypothesis is applied to the 
data, two simplifying points relevant to 
this experiment, but not necessarily others, 
should be noted. First, fragments may con- 
tain contextual components in addition to 
those components specified by the experi- 
menter. In this experiment the cuing was 
designed to investigate the interrelation- 
ships only of the four explicitly specified 
components, but in the method of free 
recall, for example, contextual components 
which have not been explicitly specified by 
the experimenter may also be of im- 
portance. Second, since this experiment is 
concerned with the cue-recall relation be- 
tween two or more components, fragments 
which contain only one of the explicit com- 
ponents may be disregarded, being sub- 
sumed in the null category of fragments 
which support no recall at all. Single- 
component fragments would, of course, be 
of interest if memory were tested by 
recognition. 

With these simplifications, the 15 dif- 
ferent types of fragment shown in Table 3 
are relevant. The “twin fragments" 12, 13, 
and 14 express the possibility of two in- 
dependent fragments being derived from 
the same item. 

Table 2 shows the expected composition 
of the data in terms of these 15 different 
fragment types. Ignoring the effects of 
Suessing for the present, it can be seen that 
Some of the data can arise from only one 
type of fragment. For example (line 2) 
the correct recall of L and O but not S 
when cued with C implies a Type 2 CLO 
Fragment. If all the data classes were uni- 
Quely specified in this way, the fragmenta- 
“ion hypothesis could be rigorously tested 
?Y a parameter-free method. If the hy- 
xn hesia is correct, the inferred prob- 
тка of occurrence of each of the 15 
v Pes of fragment would be constant over 


the к = 
man different cuing types. However, 


fiable | the fragments are not identi- 
<. Greeno & Steiner, 1964), in the 


TABLE 3 


MAXIMUM-LIKELIHOOD ESTIMATE OF THE 
PERCENTAGE OF OCCURRENCE OF 
Eacu ТҮРЕ or FRAGMENT 


Type Composition Occurrence (90; 
1 CLOS 9.89 
2 CLO 14.36 
3 CLS 2.35 
4 COS 2.56 
5 LOS 4.84 
6 GL 47 
7 CO 10.35 
8 cs 4.13 
9 LO 7.35 

10 LS 8.58 
11 OSs 3.38 
12 CL, OS 413 
13 СО, LS 2.57 
14 CS, LO 70 
15 null 24.34 


Note. С = color, L = location, O 


: m 7 object type, S — se- 
quential position. 


sense that the observed pattern of recall 
could have arisen from any one of several 
different types of fragment. For example 
(Pattern 34) the correct recall of O but 
not S when cued with both C and L could 
indicate the presence of a Type 2, 7, or 9 
fragment (CLO, CO, and LO, respectively), 
Hence it would in practice be possible to 
test only a limited subset of the above 
symmetries. 

Instead, to test the hypothesis's repre- 
sentation of the whole set of data, it is 
necessary to estimate the probability of 
occurrence of each of the 15 types of 
fragment (i.e., 15 "fragmentation param- 
eters") : The theoretical probability of each 
data class can then be calculated and com- 
pared with its experimental estimate. It is 
shown below that this overall comparison 
reveals а significant discrepancy, whose 
locus is pinned down (to the effects of the 
sequential position component) by ex- 
amination of an individual set of sym- 
metries implied by the hypothesis. In both 
these tests the effect of guessing in the 
experiment is not taken into account since 
the phenomenon revealed by this analysis 
(the malconformation of sequential posi- 
tion) is qualitatively unaffected by the 
introduction of complicated guessing cor- 
rections. 
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TABLE 4 
У E v {5 OF FOR Ех Cur Tyre 
FRAGMENTATION AND PROPOSITIONAL RE TATIONS OF Кі FOR EACH Си 
ee Position реј AND GUESSING TA INTO Ассо» _ 
Theoretical (%) 
жш one po 4 КО ЖИК Fragmentation Propositional 

о. ур a 

2.72 
1 E LO 117 24.84 1 = 
2 E L 38 8.07 2 15:18 
3 C [9] 77 16.35 3. SES 
4 € zero 239 50.74 4,5 20775 
5 L со 111 23.72 1 “301 
6 L c 34 7 2 hs 
7 Lb [9] 62 io 1291 
8 L zero 261 3,5 8-20 
9. Oo CL 138 29.30 1 eC 
10 [9] С 70 14.86 3 UE 
11 [9] L 57 12.10 + 16.78 
12 [0] zero 206 43.74 2; go 
13 GL [9] 125 16.99 1, 4 doen 
14 CL zero 141 53.01 2, 51.42 б; 5 
15 со L 93 43.26 1, 40.19 EE 
16 CO zero 122 56.74 $; 59.81 Ee 
17 LO € 113 42.97 1; 43.04 29:50 
18 LO zero 150 57.03 4, 56.96 m 


Note. С = со! 


lor, L = location, О = object type. 
* See Table 5 


Rough estimates of the 15 fragmentation 
parameters were obtained by simple aver- 
aging and algebraic manipulation. They 
were then adjusted by a computer program 
using an iterative penalty function tech- 
nique (see Lootsma, 1972) so as to mini- 
mize 27 for the fit of theory to data, 
producing the maximum-likelihood esti- 
mates shown in Table 3. 


These parametric values may be sub- 
stituted into the fragmentation distribu- 
tions shown in Table 2 to produce the 
theoretical percentages shown in the final 
column. Comparison of the actual and 
theoretical percentages of Table 2 reveals 
mostly reasonable agreement, except for the 
poor fit of the data produced by cuing with 


sequential position. This impression was 
confirmed as follows, 


First, the information statistic (27) for 
the overall comparison was highly signif- 
icant at 126.42 (36 degrees of freedom, 
since there were 50 independent classes of 
data and 14 free parameters). 

Second, a specific Symmetry implied by 
the hypothesis (and one which could be 
little affected by guessing) was examined. 
This was the symmetry predicted among 
the single-cued triple-corrects: that is 


P(LOS|C) = P(COS|L) = P(CLS|O) a 
P(CLO|S), which arises since each соп 


53/418, 
deviation 


highly signifi cantly from the mean of b 
other three, 27(1) = 28.84, whereas thes 
other three do not differ significantly ап! 
themselves, 21(2) — 5.61. fit 
This result suggests that the роо" de! 
overall may simply mean that the oe 1, 
is not applicable to sequential pos! sent 
һе anomalous nature of this compo! 
is further investigated later, while Bee ti 
possibility that the representation өр, is 
location, and object type may be v? 
investigated. glio 
Fragments excluding sequential po a 
The data of Table 2 were =: 704 
sequential position to yield Table 4 m 
types which included sequential ро. wi? 
were omitted, while sequential positio 
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ignored when occurring as an answer. The 
data now conform closely to the fragmenta- 
tion hypothesis. 

Since there are only three components 
instead of four, there are now only five 
relevant types of fragment possible (see 
Table 5). Table 4 shows the predicted 
composition of the data in terms of these 
fragmentation parameters. In addition, 
algebraic transformations were applied to 
the data to correct for the distorting effects 
of guessing. If P(x) is the probability of 
occurrence of fragment type л, and g the 
probability of correctly guessing a partic- 
ular answer (assumed to be 1/9), it can be 


seen that (taking as an example the case of 
cue — color) 


P(LO|C) 


P(t) + gf P(2) + P(3)] 
+ @LP(4) + PG)] 


P(L|C) = à — g)P(2) 

+801 — &)[Р(&) + P()] (2) 
C) = (1 — g)P(3) 

+ g(1 — ГР) + P()] 


P(zero|C) = (1 — «)°ГР(4) + P(3)]. 


Maximum-likelihood estimates for each 
fragmentation parameter, p(n), were ob- 
tained as before and are shown in Table 5. 
When substituted back into the 18 equa- 
lions of the above type they yield the 
theoretical representation of the data shown 
in Table 4. 

The comparison of data and theoretical 
values in Table 4 has 8 degrees of freedom 
Since there are 12 independent classes of 
data and 4 free parameters. The agreement 
is close, the difference between data and 


P(O 


TABLE 5 


Position D 


TAR 
= ГЕ = 
"€ Type Composition Occurrence (57) 
1 CLO 
2 Gr 
3 со 
4 LO 
=” null 
Note. L = 


= color, L = location, О = object type. 


TABLE 6 


MAXIMUM-LIKELIHOOD ESTIMATES OF 
PROPOSITIONAL PARAMETERS 


Parameter Estimate 


Note. S = stimulus parameter, 


R = response parameter, 
C = color, L = location, O 


= object type. 


theory not approaching significance, 21(8) 
= 484, р> .75; in view of the large 
number of observations involved, the 
representation is extremely accurate. It is of 
interest that this goodness of fit does not 
appear to be strongly dependent upon the 
precise value of the guessing factor, g, 
since any discrepancy between data and 
theory does not reach significance even if 
guessing is completely ignored (i.e., g set 
at zero; see Jones, 1974), 


Propositional Model 


Bower (Note 1) has suggested a pro- 
positional model, derived from that of 
Anderson and Bower (1973), for the data 
of this experiment. Subjects store a com- 
posite proposition corresponding to each 
item, for example, “1 saw the yellow cup 
in the top left location at serial position 2.” 
Each type of component gives rise to a 
stimulus and a response parameter. These 
represent, respectively, the probability (5) 
that Component 7 retrieves the proposi- 
tion when used as cue and the probability 
(Ri) that Component 7 itself is recalled 
when the proposition has been retrieved by 
a different component. To allow comparison 
with the fragmentation hypothesis, the 
accuracy of the model in representing the 
data concerning color, location, and object 
type shown in Table 4 was examined. 

Table 6 shows the six parameters which 
are relevant in this case. These allow 
theoretical expressions for the probability 
of occurrence of each of the 18 classes of 
data of Table 4 to be formulated, for ex- 
ample (Pattern 13) P(O CL) = [8с + 
(1 — Se)SiJRo. 


ол 
о 


"'seq-cue" 


4 5 / 


Percentage Correct 
w 


\ 


ee, 'seq-answer" 


в E Z234 5 67 89 
Sequential Position 


Ficure 1. Mean percentages of answers Correct 
when sequential position used as the cue ("seq — 
cue") and when produced as an answer ("seq — 
answer"). 


In addition, algebraic transformations 
were applied to correct for the effects of 
independent guessing (with probability 
correct of 1/9) in the same way as before. 
Table 6 shows maximum-likelihood values 
of the six parameters, obtained as before, 
Which gave rise to the theoretical repre- 
sentation of the data shown in Table 4. 
Unlike the fragmentation hypothesis, this 
Propositional model was significantly dis- 
стерапі with the data, 27(6) = 22.01, 
b < .01. 


Sequential Position 


It was shown in the Previous sections that 
whereas the interrelationships of color, 
location, and object type were in accord 
with the fragmentation hypothesis, this 
was not so for sequential position. The 
analysis below shows that the reason for 
this is that the accuracy of recall involving 
sequential position is dependent upon the 
particular position, and that the form of 
this functional relationship differs System- 
atically in the three roles that sequential 
position plays. 

First, sequential position may be used 
to cue for the other components (seq = 
cue). Second, sequential Position may be 
produced as an answer when cued for by 
another component (seq = answer), Third, 
the accuracy of recall may depend upon the 
associated value of sequential position even 
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in those cases in which it is not directly 
involved (monseq). All the analyses de- 
scribed below were conducted on the 
single-cued data; multiple-cuéd data are 
not so useful because only about half of 
the nine possible sequential positions Were 
involved for each cue type. The 12 differ- 
ent single-cue-recall-component combina- 
tions shown in Table 1 may be allotted to 
the above three classes as follows. First 
there are three instances of seq = cue: 
P(C|S), P(L|S), and P(O|S). Second, 
there are three instances of seq = answer: 
P(S|C), P(S|L), and P(S[O). Third, there 
are six instances of nonseq : PLIO, 
Р(О|С), P(C|L), P(O|L), Р(С|О), an 
P(L|0). 

To summarize the results in advance, 
they show that in the case of seq = answer, 
recall resembles psychological judgment 
concerning an item's sequential position 
relative to the start of its list. For seq = cue; 
on the other hand, information concerning 
the last few items of each list is recalle 
much more accurately than it is in the case 
of seq — answer. » 

Correct recall. Figure 1 shows the per 
centage of correct recall at each value т 
Sequential position (corresponding to ub 
boldfaced diagonals in Table 7) for sed н 
сие and seq = answer. Stepwise multip $ 
regression analysis confirmed that thes 
curves were approximately U-shaped ae 
linear, respectively, and that there was 
Systematic effect of sequential position ге 
the case of nonseq. Similar results W€ 
found for the 12 individual cue-rec? 
combinations, ий 

First, for the summed data concern! ar 
Seq — cue there was no significant cg? 
trend, F(1, 7) = .03, but a significant p 
ditional quadratic trend, (1, 6) = pap 
b < .01. Similarly, each of the three M 
dividual cue-recall combinations did ia 
show a significant linear trend but did 8 a 
a significant additional quadratic tata 
(p< .05). Second, for the summed x 
Concerning seq — answer, there Ж 
highly significant linear trend, (1, adie 
39.06, p < .001, but no significant асо 
tional quadratic trend, /(1, 6) ee 
Similarly, two of the three individual ¢ 


> 


жыш... 
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TABLE 7 


CUED ANSWERS FOR E 
IN USED AS CUE (SE 
AND NEITHER Cu 


DISTRIBUTION OF SING 
SEQUENTIAL Pos 


ACH VALUE or SEQUENTIAL Position iN Тнккк Casts: 
=ош 
Nor Answer (NONSEQ) 


Propu AS ANSWER (SEQ = ANSWER), 


Sequential position of answer 


Correct sequential 
Position 1 2 3 4 5 6 7 8 9 Total 
seq — cue 
1 90 24 3 2 16 6 11 2 6 160 
2 22 73 14 7 8 4 7 11 12 158 
3 23 4 44 21 20 6 13 15 11 157 
4 11 18 7 49 30 4 9 7 25 160 
5 12 17 11 34 19 11 17 24 12 157 
6 4 18 18 22 13 35 35 8 8 161 
7 4 7 8 3 13 23 66 16 19 159 
5 15 3 20 7 16 16 8 71 4 160 
9 13 4 11 10 9 7 12 18 76 160 
seq = answer 
1 63 18 13 17 8 14 20 7 1 161 
2 п т 3 2 14 9 9 1 0 161 
3 4 17 5 29 15 93 42 7 0 158 
4 8 18 31 40 21 23 14 3 1 159 
5 3 10 14 30 44 30 17 10 9 160 
6 T 13 13 17 22 37 22 21 6 158 
ji 8 10 20 22 28 24 19 20 7 158 
8 2 12 16 16 25 36 27 22 3 159 
9 3 11 8 21 20 18 33 29 18 161 
nonseq 
1 137 25 26 21 23 29 22 22 18 323 
2 49 103 36 32 25 21 18 21 15 320 
$ 19 17 109 37 14 28 32 27 32 315 
4 26 18 29 142 21 15 26 14 29 320 
5 15 16 24 21 152 19 33 20 22 322 
б 25 34 21 21 29 111 19 27 33 320 
7 23 22 38 19 34 21 115 31 11 314 
8 17 34 26 30 43 26 21 104 20 321 
9 21 25 20 34 29 29 21 20 121 320 


Note. The correct sequential position appears in boldface in each case. 


recall combinations showed significant 
linear trends [and the third, from P(S|C), 
Was almost significant, F(1, 7) = 5.05], 
but none showed a significant additional 
(quadratic trend. Finally, for the summed 
ata concerning nonseq, there was neither 

а significant linear trend, P: 7) = „д1, 
Dor an additional quadratic trend, F(1, 6) 
о None of the six individual cue-recall 
гаш опы of this type showed a signif- 
it mear or additional quadratic trend 

°г. Further examination of the summed 


non 
Њега data showed that there was never- 


= г Significant inhomogeneity, 21 (8) 
+ = 001, due perhaps 4 
Probapir. / , due perhaps to the 


*S of formation of different 


types of fragment not being independent of 
the particular nonseq component values 
concerned. 

Distribution of errors. Each row of Table 
7 shows the distribution of single-cued 
answers about a particular correct (bold- 
faced) value of sequential position. For 
seq — answer, each row shows the number 
of times each value of sequential position 
occurred as the answer; for example, the 
first line of the seq = answer data of 
Table 7 shows the distribution of the 161 
answers when the correct answer was 1 
(the three relevant cue-recall types oc- 
curred once each for each of the 54 subjects, 
with one answer missing). For seq — cue 
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and nonseq, each C, L, or O value та 
responded to one of the nine items in the 
Current presentation set (since all nine 
values of each component were used in 
each set) and is allotted in Table 7 to that 
item's corresponding sequential position. 

Inspection of Table 7 shows that whereas 
for nonseq the distribution of errors over 
sequential position appears random, for 
Seq = cue and seq = answer errors tend 
to be near-misses, as though sequential 
position were acting as a psychophysical 
dimension. In accordance with this hy- 
pothesis, analysis showed (a) that overall 
the distributions over the off-diagonal cells 
in each row were not uniform, 21(189) = 
848.58, p < :001, and (b) that the dis- 
tributions over the off-diagonal cells of the 
three matrices, compared row by row, 
differed significantly, 21(126) = 515.25, 
р < .001. 

Тһе nonseq data shown 
cannot be further examined to determine 
whether near-miss errors also occurred for 
the color, location, and object-type com- 
ponents because of the absence of a mea- 
sure of stimulus Proximity in these cases. 
Ап exception occurs for location, since 
a plausible hypothesis is that errors 


tended to be concentrated in the four 
locations in either the sam 


column of the 3 x 3 stimt 
Correct value, rather th 
four error locations, An 
this disproportion 


in Table 7 


"5 occurred in the 
row or column, 21) = 4.01, 
b < .05, but failed to do so in the case of 
location = cue, for which 53.39, ( 
of errors corres 

21(1) = 2.81. Т 
the incidence of 
small. These errors Possibly 
fusions in recall, but coul 
sulted from occ; 


asional er 
horizontal or vertical loc. 


instead of their conjunc 
the different. y. 
easily 


arose fro 
d also have re. 
icoding of only the 
ations of an о] ject, 
tion. In the Case of 
а component being 
perceptually (as for 
in this experiment), it 
fragmentation hypothesis 


m con- 


alues of 
confused 
Sequential position 


is likely that the 
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does not generally hold, since ss 
overall recall might still be symmetrical, 
retrieval is likely to be probabilistic in 
gc in memory. The em 
concerning sequential Position suggest tha 
it is represented in memory in terms of an 
item’s apparent displacement from either 
the beginning or the end of its sequence. 
Such a displacement might be expected to 
be of a similar form to that arising in the 
psychophysical judgment of duration 
(Stevens, 1957). Since this dimension is 
prothetic, the subjective magnitude, J(n), 
of the displacement of Sequential position 
п from the start should be given by a power 
function, J(n) = An! log J(n) = 
Blogn + log А. 

This relationship was tested by examin- 
ing the variation of the average judgment 
of sequential position (i.e., Seq — answer) 
with different (correct) values of sequential 
Position. Because of the skewness of the 
error distributions, medians were used as 
the best indicators of centrality, 

Figure 2 indicates that the median value 


or 


in seq = answer was increasingly under- 
estimated at higher values; indeed for 
Sequenti 


al Positions Ta 


8, and 9 Table 7 
shows that the modal 


answers corresponded 
to Positions 5, 6, and 7, respectively, It was 
shown that Figure 2 depicted an approxi- 
mately power function relationship by 
transforming the axes logarithmically, The 
resulting best-fitting Straight line was 
log J (n) =.442 log п+.371; the linear cor- 
relation was 983, accounting for 96.6% of 
the variance, The value of the power-law 
exponent here, 442, is considerably less 


than the value of 1.95 — 1.2 obtained for 
the direct estim 


ation of temporal duration 

(Stevens, 1957). This тау have been be- 
cause the limitation of the response set to 
the first nine ordinal numerals made the 
task resemble category judgment rather 
than magnitude estimation (see Stevens, 
1971; Stevens & Galanter, 1957). 
Figure 2 also shows them 
Position associated with 
cach value of Sequential p 
Was used as the cue ( 
Сап be seen th 


edian sequential 
the answers at 
osition when this 
Le. seq = cue). se 
at this curve differs from the 
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seq = answer curve in being approximately 
symmetric about its center. Post hoc, this 
difference and that of Figure 1 may per- 
haps be attributed to subjects employing 
information relating only to the start of 
the list for seq = answer, but to both the 
start and the end of the list for seq = cue. 


Performance in Successive Lists 


The average level of performance fell 
steadily over the nine lists of each session, 
the mean level of correct recall in the ninth 
set being only 67.1% of that in the first 
set. It is shown below that this decrement 
was confined to the data not involving 
sequential position and could not be ac- 
counted for by overt intrusion errors from 
previous lists. 

The mean level of performance for single- 
cued recall mirrored overall performance in 
dropping to 67.2% of its initial level by 
the ninth set. Of the constituent 12 single- 
cue-answer-component combinations, how- 
ever, the impairment was confined to the 
six nonseq types, recall here dropping in 
the ninth set to 55.9% of its initial level. 
For the other six types (i.e., seq = cue and 
seq = answer) mean recall in the ninth 
set was 84.0% of that in the first set, re- 
gression analysis of mean performance over 
the nine sets indicating no significant 
linear trend, (1, 7) = 3.15, or additional 
quadratic trend, F(1, 6) = 3.87. These 
results mean, of course, that the values of 
the fragmentation parameters shown in 
Tables 3 and 5 represent mean probabilities 
of formation of the different types of 
fragment, averaged over different sets as 
Well as different stimuli. 

Investigation of the nature of the errors 
(see Jones, 1974) showed that the increase 
in their frequency during the course of the 
Session did not correspond to e 
um very low rate of intrusion of comh m 
Deer of values which occurred in re о 
ha. sets. It is a logical ges wet 
асаре p that the apparently ran oi 
single in fact represented the intrusion О 

Ste values from previous lists. 
2 ability of subjects to restrict recall 
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FIGURE 2. Median answer values when sequential 
position used as the cue ("seq = cue") and when 
produced as an answer (“seq = answer"). (The 
dotted line represents median values equal to the 
corresponding sequential positions.) 


were composed of differing combinations of 
the same elements, must involve the use of 
information other than that directly in- 
vestigated here; for example, an accessed 
item might be suppressed if it has a list 
contextual component or "list marker” 
(Anderson & Bower, 1972) which upon 
retrieval is found to be incorrect. The 
contrast between the decline in the level of 
er each session and the 
stationarity of recall involving sequential 
position was unexpected. Two untested 
possibilities are that the difference arose 


either because an improving accuracy © 


estimation of sequential position counter- 
ve decrement or 


acted a general proacti 

because the registration of the visual com- 
ts, unlike that of sequential position, 
a result of their 


nonseq recall ovi 


ponen 
was initially enhanced as 


novelty. 


Fragmentation 

A hypothesis has been proposed which 
yields an accurate representation of pat- 
terns of recall of color, location, and object 
type (but not of sequential. position) 
obtained during single and multiple cuing. 
The memory trace derived from а particular 
event corresponds to one or more fragments 
of the event, each containing а nonover- 
lapping subset of the components repre- 
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senting that event. The provision of a single 
one of these components as a cue S 
the fragment accessible to recall in an all- 
or-none way. Three corollaries follow. 
Symmetry. First, the hypothesis cor- 
rectly implies that certain specific sy m- 
metries should exist among the frequencies 
of certain patterns of recall to individual 
cuings: for example, that P(LO|C) = 
P(CO|L) = P(CL|O). . 
It was noted also that the overall single- 
cued conditional probabilities were re- 
flexive for color, location, and object type: 
for instance, overall P(L|C) = P(C|L). 
This in fact is a general prediction of the 
model, since the recall of L given C can 


occur only if the relevant fragment con- 
tains both L and C, in whi 


ch case cuing with 
L would also produce С. 
Note however that this reflexivity does 
not hold for 


the overall multiple-cued 
probabilities, This is readily seen by con- 
sidering the effect of double cuing (with C 
and L) the following tw 
For a CLO f 


, but cuing with LO will 
us reflexivity of overall 
Ships is to be expected 
ase of single cuing, 
Multiple cuing. Thehy 
for an individu m the use as cue of 
only one of its components js necessary for 
recall to occur, Consequently, additional 
cuing of that fragment is redundant, How- 
ever, summed over д range of fragments 
we may expect multiple cuing to be 
numerically 


more effective th single 
cuing. This is because the cue may 
not be one of the store 


prising the relevant fragment and would 
therefore have no effect 
“second” cue would effec 
Probability of recall fron 
Asan example, consi 
instances of double с 
that a Particular set of fra 
of the CLO type. Then it c. 
double cuing using both L 
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be completely redundant and P(C| dn 
P(C|L) = P(C|O). Second, suppose $e 
the set of fragments are of the two differe E 
types, CL and CO. Then in this = 
P(C|LO) = P(C|L) + Р(С|О). Йер | 
can be seen that the general bounds within 
which the fragmentation hypothesis allows 
the overall double-cuing probabilities to lie 
are quite wide: 


maximum[P (a |b), P(a|c)] € P(a|bc) 
€ P(a|b) + P(a|c). (3) 


In particular, the double-cued probabilities 
allowed by Equation 3 can be either 
greater or less than those expected on the 
assumption that cues act by exciting as- 
sociations independently : 


P (a|bc) 
=41— [4 = Pab = P(a|c)] (4) 


Thus the fact that in the present experi- 
ment the effect of additional cuing was 
relatively small sufficed to rule out the 
application of the independent cue Equa- 
tion (4) but was interpreted in fragmenta- 
tion terms as a large redundancy effect: 
the occurrence of many fragments con- 
taining more than just two components, 
"oss and Harwood (1975) have proposed 
that, contrary to Equation 3, a double-cued 


probability of recall may exceed the sum of 
the corresponding 


Single-cued probabilities, 
at least for the recall of Sentences, They 
Suggest that this could be due to the en- 
coding of configural or Gestalt information 
Concerning an item In fragmentation terms 
this could be re 
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FRAGMENTATION HYPOTHESIS 


overall the effect did not reach conventional 
levels of significance. 

All-or-none processing. A third corollary 
of the hypothesis, and perhaps its strongest 
prediction, is that the recall of individual 
memories is an all-or-none process. In 
other words, it postulates that even though 
processing of the overt, whole, item to be 
remembered may not be all or none, that 
of the underlying trace is. The hypothesis 
implies, in fact, that an overall all-or-none 
pattern of recall is likely to be found only 
with simple binary material, which is in 
accord with previous results (see Bower, 
1967a). 


Propositional Model 


An alternative model for the data of this 
experiment has been proposed by Bower 
(Note 1). This postulates that each item 
is stored as a composite proposition. Each 
component has a_ particular probability 
of retrieving the proposition, and another 
of being itself recalled subsequent to 
retrieval. The model differs from that 
advanced by Anderson and Bower (1973, 
chap. 10) because that model, in addition 
to postulating stochastic input and output, 
centered upon the prediction of the rela- 
tive likelihood of encoding of each part of 
the proposition. Such prediction would not 
be possible here. This is because the pre- 
diction is based upon the structure allotted 
to the input by a parser, and the perceptual 
Parser of Anderson and Bower's computer 
Program HAM, unlike its linguistic parser, 
has not been specified. 


The fragmentation hypothesis and 
Ower's propositional model are anti- 
f the 


thetical in their characterizations О 
recall process, the former postulating that 
It is fundamentally all or none in operation, 
the latter that it is in essence probabilistic. 
n àn empirical comparison it was found that 
EE fragmentation hypothesis provided is 
it ie accurate representation, even though 
iployed two fewer free parameters. 


S, P 
*Quenlia] Position 


\ H Pets B 
eco ty for sequential position did not 
rd with the fragmentation hypothesis. 
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This was because the efficacy of recall 
involving sequential position varied with 
sequential position in two different ways, 
depending on whether sequential position 
was being used as the cue (seq — cue, 
U-shaped function) or was itself produced 
as the answer (seq = answer, linearly 
decreasing function). In the latter case, the 
median recalled value of sequential posi- 
tion was related to the true value by a 
power function, similar to that arising in 
the psychophysical judgment of duration 
(Stevens, 1971). The asymmetry of pro- 
cessing was interpreted, post hoc, as being 
due to the use of information relating either 
to both ends of the list (seq = cue) or to the 
start of the list only (seq = answer). It is, 
in addition, theoretically possible (though 
in this case untested) that the fragmenta- 
tion hypothesis also fails for sequential 
position because it interacts in ап 
anomalous way when combined with other 
attributes as a multiple cue. 

The existence of a recency effect (i.e., 
enhanced recall of later items in a series) 
in the seq = cue condition constitutes a 
problem for many explanations of the effect. 
This is because these explanations attribute 
the recency effect observed in, for example, 
free recall (Murdock, 1962) to the im- 
mediacy of recall after presentation. In the 
present experiment, however, there was a 
25-sec period of intervening activity, which 
have destroyed the recency 
displacing the last items from 
their place in the short-term store (Atkin- 
& Shiffrin, 1968; Glanzer, 1972; 
& Norman, 1965) or by interfering 
(retroactively) with these items in just the 
same way that they themselves had inter- 
fered with earlier items in the list (Bern- 
bach, 1969). 

The surviv 


ought to 
effect by 


son 
Waugh 


al of the recency effect was 


interpreted here as arising from the use of 
knowledge of sequential position which 
related to the end as well as the start of 
each list; in its assumption of bipolarity 
the explanation is related to those of Feigen- 
baum and Simon (1962), Murdock (1960), 
and Bower (1971). It is, moreover, plausible 
that in free recall implicit analogues of 


sequential position are used as cues for 
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recall and that it is the psychophysical 
nature of these which gives rise to observed 
recency effects. Temporal proximity might 
be expected to be an important implicit 
attribute and would decrease in efficacy 
with increasing delay between presentation 
and recall, as suggested previously by 
Bjork and Whitten (1974). 

In conclusion, the fragmentation hy- 
pothesis provides not only an accurate 
representation of major features of the 
recall of fairly complex and reasonably 
naturalistic events, but also a framework 
within which to identify exceptional phe- 
nomena. Further work (Jones, 1974) has 
shown that the hypothesis also provides an 
accurate representation of the results of 
experiments investigating verbal memory, 
including those of Anderson and Bower 
(1973, chap. 10). 


REFERENCE NOTE 


1. Bower С. Н. Personal communication, October 
1975, 
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y ERRATUM TO MONTI AND SMITH 
In the article “Residual Fear of the Conditioned Stimulus as 


a Function of Response Prevention after Avoidance or Classical 
Defensive Conditioning in the Rat” by Peter M. Monti and Nelson 
F. Smith (Journal of Experimental Psychology: General, 1976, 
Vol. 105, No. 2, pp. 148-162), the information presented in the 
right-hand column of page 160, lines 19-38, was incorrect. The 


sentences should read as follows: The first was a three-way re- 
ng A-B, CD-B, A- 


peated measures analysis of variance comparir 
NBHC, and CD-NBHC on Trials 1-3. The results indicated that 
A-B had significantly more response suppression than CD-B, 
F(1, 36) = 4.48, p < .05; and A-NBHC had significantly more 
jn than CD-NBHC, F(1, 36) = 1991, р < 01. 

The interaction was not significant. The second analysis was а 

three-way repeated measures analysis of variance comparing A-B, 
4 CD-B, A-NBHC, and CD-NBHC on Trials 10-12. The results 
indicated that A-B had significantly more response suppression 
than CD-B, F(1, 36) = 4.33, р < .05. No differences were found 
between the nonblock action was not 


significant. 


response suppre 


ed conditions, and the inter 
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Frequency Analysis of Attribute Identification 


L. E. Bourne, Jr., В. В. Ekstrand, W. R. Lovallo, В. T. Kellogg, 
and C. C. Hiew 
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SUMMARY 


The frequency with which values on any stimulus dimension occur within the 
positive (and/or negative) category of a concept is a potential cue to which dimen- 
sions are relevant. One might theorize that the development of frequency differ- 
entials among stimulus values over a series of encounters with positive and nega- 
tive instances is the way people identify relevant attributes of a concept. Sug- 
gestive evidence on the importance of frequency in this process comes from our 
observation, made in an already published experiment (Bourne & Guy, 1968), 
that a series of instances which affords no large differentials is almost impossible 
to solve. Seven experiments, using a two-stimulus (one positive and one negative) 
simultaneous presentation paradigm, designed to explore frequency effects system- 
atically are reported in this article. In the first, we show that the order of diffi- 
culty of four conceptual rules—conjunctive, disjunctive, conditional, and bicon- 
ditional—in the attribute identification task is correlated with the magnitude of 
the frequency differentials these rules generate in a stimulus sequence. In tw 
subsequent studies, we show that a difficult rule, the biconditional, can be made 
more or less difficult (indeed, quite simple) by artificially manipulating value 
frequencies. The frequency cue of greatest importance exists when a relevant 
value, а, appears more often than do all irrelevant values, à, on the same dimension 
within the positive category of instances. The importance of a > dis not affected 
by reinstating either the positive or the negative stimulus at the time of feedback, 
suggesting that the subject codes both stimuli at their initial presentation in each 
trial and augments the frequencies of values appropriately once the positive 
stimulus is identified by feedback. The remaining studies indicate certain quali- 
fications on these conclusions. First, the reintroduction of an instance (positive 
or negative) at feedback probably adds partial increments to frequency counts 
serving to augment their effectiveness as cue: 
differentials within the negative category can be and are used as cues to problem 
solution when no other cues are available, The effects observed in these studies 
are fully in accord with an extension of the frequency theory of discrimination 
learning (Ekstrand, Wallace, & Underwood, 1966). This extension accounts for a 
number of other results in the literature, such as the effects of intradimensional 
variability on attribute identification, and le 
stimulus sequence effects and the 
ural categories, 


s to the relevant values. Second, 


ads to certain expectations about 
abstraction of prototypes representative of nat- 
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FREQUENCY ANALYSIS OF ATTRIBUTE IDENTIFICATION 


In an attribute identification problem, 
the subject must determine which one or 
more values of several variable stimulus 
dimensions is (are) relevant to an unknown 
concept and must define the positive cate- 
gory of stimuli. These processes are ac- 
complished by using information provided 
by a series or set of stimuli identified by 
feedback as positive or negative category 
members. It has been clear for some time 
that positive and negative instances are 
differentially informative to a subject re- 
garding the concept. The early literature 
suggested that positive instances or a mix- 
ture of positive and negative instances are 
generally more useful than negative in- 
stances alone (e.g., Hovland & Weiss, 
1953). It has since become clear that the 
more useful type of instance depends on the 
nature of the concept to be determined 
(Bourne & Guy, 1968). When the concept 
is a simple affirmation of a single stimulus 
value or a conjunctive combination of two 
or more values (the typical type of concept 
used in earlier work), positive instances are 
indeed more effective in delineating the 
concept. If, however, the concept is a 
conditional relationship among values, neg- 
ative instances appear to be more informa- 
tive. In other cases, for example, a disjunc- 
tion of values, there is little difference in 
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the usefulness of positive and negative 
instances. 

“These empirical results are open to a 
variety of interpretations, most of which 
emphasize the difference in informational 
content between positive and negative 
instances. There are methods for equating 
information across instances, however, and 
performance differences obtain even in 
these cases (Bourne & Guy, 1968; Hovland, 
1952). Furthermore, none of these inter- 
pretations offers much insight into the 
processes that underlie the use of informa- 
tional differences. 

There is a feature of concept stimuli 
which is so simple and so obvious that it 
has virtually escaped any notice. This is a 
feature known to be of critical importance 
in other, simpler discrimination tasks 
(Ekstrand, Wallace, & Underwood, 1966), 
namely, the frequency with which the 
values of the relevant stimulus dimen- 
sion(s) occur within concept categories 
relative to values on irrelevant dimensions. 
Value frequency tends to correlate with 
informational content of stimuli under 
natural conditions, though it can be ma- 
nipulated independently. The frequency 
differentials that exist within and between 
categories could be of considerable use to a 
subject as he attempts to identify the 
relevant stimulus value or combination of 
values. 

There are theories (Ekstrand et al., 
1966) that would lead us to expect a fre- 
quency effect. In general, the ецеш 
theory states that subjects keep some kin 
of record of frequency differentials among 
stimuli they counter. Frequency {їр 
tion can then be used by the subject as а 
guide to correct performance in a discrimi 

: b serbal discrimination learn- 
nation task. In ver hat, across 
ing, the theory postulates thal, uis" 
trials, the correct item in each pair “occ 


more frequently than the y wee 
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and/or negative instances of the concept. 
It is the case that, for all conceptual rules, 
the relevant values are distinguishable from 
the irrelevant ones simply on the basis of 
differential frequency. By merely "keeping 
track” of the frequencies of all the values in 
positive or negative instances, the subject 
can discover the relevant ones. In short, the 
only information the subject needs to solve 
the typical attribute identification problem, 
in which the rule frame is known in ad- 
vance, is the (approximate) frequency of 
each stimulus value in positive and/or 
negative instances. 

Consider, for example, the case where 
the concept is defined by the conjunction 
of redness and squareness. Suppose the 
population of instances is defined by four 
dimensions and there are three values on 
each dimension, yielding a total set of 
possible instances numbering 81. The di- 
mensions are color (red, yellow, or green), 
shape (square, circle, or triangle), number 
(1, 2, or 3), and size (small, medium, or 
large). The conjunction of red and square 
means that only patterns that are both red 
and square will be positive instances of the 
concept. In this population, there are nine 
such patterns, and if we count the number 
of times each of the values occurs in these 
nine patterns, we come up with the fol- 
lowing results: red-9, yellow-0, green-0; 
square-9, circle-0, triangle-0 ; one-3, two-3, 
three-3; small-3, medium-3, large-3. It 
can be readily seen from these counts that 
differential frequencies occur only on the 
two relevant dimensions (color and 

Given this set of counts, it is immediately 
osse to identity the relevant dimensions 

as color and shape and to determine that 

red and square are the relevant values. 

The frequency theory of attribute identi- 
fication thus postulates that subjects, in 
the course of examining patterns from the 
stimulus population, become aware of 
frequency differentials among the values, 
which in turn allows them to determine the 
relevant ones. It follows, therefore, that the 
basic variable determining the difficulty of 
any particular attribute identification prob- 
lem will be the degree to which frequencies 
differ across and within dimensions in 


shape). 
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stimulus sample of fixed size. When fre- 
quencies differ widely, the problem will be 
easy to solve (as in the above example). 
Other rules or other manipulations might 
result in frequency differences that are 
smaller and more difficult to detect, and 
this would serve to make the problem more 
difficult. The basic cue consists of a fre- 
quency differential that identifies the rele- 
vant values, and the difficulty of the prob- 
lem will be determined by the difficulty 
the subject has in discovering that a dif- 
ferential exists. 

We were alerted to the possible impor- 
tance of frequency in attribute identifica- 
tion by a surprising outcome in the experi- 
ment reported by Bourne and Guy (1968). 
In that study, concepts were based on three 
of the primary bidimensional rules (Bourne: 
1970), conjunctive, disjunctive, and condi- 
tional rules. When subjects were ргеѕеп (ес 
with only positive instances in an attribute 
identification task, the conjunctive rule was 
by far the easiest, as has typically beer 
found. When subjects were presented with 
only negative instances, however, the соп 
junctive rule became the most difficult of all 
rules used. Indeed, only 2 of the 12 subject® 
who participated were able to solve ? 
conjunctive problem on the basis of nega 
tive instances alone, even after 96 succes 
sive study trials. Given the procedure use” 
this is a very difficult concept indeed. 

We present, in Table 1, mean trials о 
solution for certain conditions of. the 
Bourne and Guy (1968) experiment. T уе. 
data are based on test trials only, of whic 

there was a total of 48 intermixed amoné 

study trials. We also ghow in Tatile t 


all primary bidimensional rules, the Le 

centages of both positive and negat 
instances, presented on study trials, wh, 
exhibited a relevant stimulus value. Thes. 
percentages are determined by the ВШ м 
lus-to-category assignments specific ү 
each rule used in that study. For ехатр а 
positive instances of a conjunction а “a е 
exhibit both relevant values. Nee" ie! 
instances, however, show little адеп 
among the (three) values on either pie i 
dimension. Thus, one reason why neg af? 
instances may be so difficult (pe 
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TABLE 1 
PERCENTAGES OF OCCURRENCES OF VALUES ON RELEVANT DIMENSIONS 
IN CONCEPT CATEGORIES 
Rule 
Conjunctive Disjunctive Conditional Biconditional 
Posi- Nega- Posi- Nega- Posi- Nega- Posi- Nega- 
" А tive tive tive tive tive tive tive tive 
Dimension and cate- cate- cate- cate- cate- cate- cate-  cate- 
value gory gory gory gory gory gory gory gory 
Dimension A 
a 100 33 67 0 33 100 50 50 
а^ 0 33 16 50 33 0 25 25 
Dimension X 
x 100 33 67 0 67 0 50 50 
E 0 33 16 50 16 50 25 25 
Mean trials 
to solution 3.92 46.3 129 198 28.8 16.9 =w и 
Мо Adapted from Bourne and Guy (1968), 
a There are two à and à values. For example, if the A dimension is color, a might. à 
columns sum to less than 100 because of the necessity to do à and x values. лса g green and рв, бирре 
values from an irrelevant dimension occur 1/3 of the time (33%) in both positive and negative ca ies, "Ot represented. 4 
© The biconditional rule was not examined i 


n this study. 


impossible) to work with is that they pro- 
vide no frequency discrimination among the 
values on relevant or irrelevant dimensions. 
Results obtained with disjunctive and 
conditional concepts are also consistent 
with the notion that frequency differential 
is one possible reason for the difference in 
effectiveness between positive and negative 
instances, The negative instances of a con- 
ditional show larger frequency differentials, 
and subjects do better with them than with 
Positives. This is an interesting case in view 
of the frequency relationships that exist. 
ithin the negative category, one relevant 
Value, call it a from Dimension A, has 
Sreater frequency than both irrelevant 
Values from the same dimension, à. The 
ет relevant val 
sas lesser fr 
aS though 
ential, avoring а or à 
respond, | 
É 
Whether öne 
х ‘ote, howe 


5 easier to use than the other 


hue, x from Dimension У, 
equency than z. Tt would appear 
the subject can use either differ- 
, in deciding how to 
is not clear in these data 


tegories, 


might be taken to suggest that 
favoring the relevant value 
more effective than a differe 
irrelevant values in the same dimension, 
although there are too few data to be sure. 
Positive instances of a conditional pro- 
vide a frequency differential only on one of 
the two relevant values. This clearly con- 
tributes to the difficulty of conditional con- 
cepts when the subject has only positive or 
a mixture of positive and negative instances 
to work with. It suggests, further, that one 
of the two relevant values ought to be 
easier to identify than the other. Examina- 
tion of the trial-by-trial data in this condi- 
tion indicates that 9 of 12 subjects did 
the relevamt dimension, with E 
(wequency Фетела, Sees xm OSSA 
problems; ior the remaining 3 subjects 
there was no difference between the 
relevant dimensions. 
Frequency differentials may help to ex- 
plain differences in difficulty among con- 


a differential 
(а) might be 
ntial favoring 


two 


ver, that the only difference be- 


tween гн А ly ceptual rules. Commonly, it has been found 

in the нар Hue and conditional concepts that the four primary bidimensional rules— 

th Tequ Salive ingtifice condition lies in conjunctive, disjunctive, conditional, and 

Di Sst ney differential which applies to — biconditional— differ significantly in the 

| перац, 09 А. The fact that conditional- — order given. While there are no data in the 
3 Problems are slightly easier to 


Bourne and Guy (1968) 


TAN, qued experiment. on 
an disjunct biconditional concepts, the 
"iconditional concepts, the 


Ive-negative problems arrangement of 
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frequency differentials appearing in Table 1 
does suggest reasonable correspondence 
with the typically observed difficulty order- 
ing (Bourne, 1970). 

Frequency differentials were not manipu- 
lated in the experiment by Bourne and Guy 
(1968), nor was the study designed to 
evaluate which, if any, frequency cues a 
subject might use in an attribute identifica- 
tion problem. The possibility of a frequency 
explanation arose after the fact, upon ob- 
serving performance outcomes in various 
conditions. The results are suggestive, 
however, and merit further investigation. 
It is to that end that the following series 
of experiments was conducted. 


Frequency Differentials 


There are several ways in which the fre- 
quency of events over a series of trials in 
an attribute identification problem can dis- 
tinguish the relevant stimulus values of a 
concept from irrelevant values. All values 
from irrelevant dimensions occur equally 
often in the positive and negative categories 
in our experiments. Thus, there is never 
any frequency distinction among values of 
an irrelevant dimension in either concept 
category. Differentials occur within cate- 
gories only among values on the relevant 
dimensions (and between relevant and 
irrelevant dimensions). A priori, we can list 
these differentials and then empirically ask 
which of them appears to be associated with 
problem-solving performance. 

There are two relevant values, one from 
each of two relevant dimensions, in each of 
the problems to be considered. Call the 
relevant values a and x. Other irrelevant 
values on the same relevant dimensions, A 
and X, will be referred to as à and &. Thus, 
if Dimension A was color, а might be red 
and à yellow and green. In most cases, 
frequency differentials which apply to A 
will, likewise, apply to X. Only the condi- 
tional rule contains an asymmetry such 
that the frequency differentials are different 
for A and X. 

Within-category differentials. Values on a 
relevant dimension differ in frequency of 

occurrence within a category. These dif- 


BOURNE, EKSTRAND, LOVALLO, KELLOGG, HIEW, YAROUSH 


ferences may be such that defining value @ 
occurs either more or less frequently than d. 
Consider, for example, the positive category 
of a conjunction and the negative category 
of a disjunction. As Table 1 shows, a occurs 
100% and à 0% of the time in the first case, 
while each @ (of which there are two) occurs 
50% and a 0% of the time in the second 
case. 

Between-category differentials. Particular 
values on a relevant dimension differ in 
frequency of occurrence between categories. 
These differences may be such that any 
value, a, occurs more or less frequently 1n 
the positive category than in the negative 
category. For example, value a occurs ОП 
100% of positive instances and only 33% 
on negative instances of a conjunctive 
concept. In contrast, а occurs on 33% 0 
positive instances and on 100% of negative 
instances of a conditional, as shown !? 
Table 1. 


EXPERIMENT 1 


A two-stimulus, simultaneous discrim!” 
nation procedure has been used in most 
investigations of frequency effects and test® 
of the frequency theory interpretation 
verbal discrimination learning. With a few 
significant exceptions (e.g., Levine, 1967 
Wells, 1967), this procedure is not charac 
teristic of research on concept learning: The 
first experiment was executed to determine 
whether rule effects typically observed 3f 
concept problems could be produced wit? 
the simultaneous discrimination paradigm 
Thus, on each trial of their problem, SY 5 
jects were presented with two stimuli, p 
of which was positive and the other Кеи 
tive. Their task was to pick the | ape 
instance. Different groups of subjects jer 
required to solve a concept problem bast 
on each of the four primary bidimension’ 
rules, conjunctive, disjunctive, conditio? 
and biconditional. If this paradigm requi, 
the usual concept learning processes» ule 
should expect the same ordering 0 sri- 
difficulty as is obtained under other exP jn 
mental procedures, namely, the Ore egt 
Which rules are listed above. A further P ct 
of interest lies in possible frequency Agere 
As noted, different rules generate dif 


o8 
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frequency relationships among the values 
on the two dimensions which are relevant 
to the solution of the problem. Thus, the 
results afford an opportunity to examine, 
once again, the global effects of frequency 


cues and their possible contribution to rule 
difficulty. 


Method 


Subjects. The subjects were 96 college students, 
48 receiving credit in an introductory psychology 
course for their participation and the other 48 re- 
ceiving $2 in cash payment. 

Experimental design. The design was a 4 x 2 2 
factorial, including four logical rules (conjunctive, 
disjunctive, conditional, and biconditional), two 
stimulus sequences, derived from different stimulus 
populations, and two problems, differing in the pair 
of values chosen to be relevant (1-yellow and 
small-square). 
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The stimulus population consisted of 81 geometric 
designs, varying in four dimensions. Stimulus se- 
quences were selected according to natural or truth- 
table principles. When sequences are formed ac- 
cording to the natural principle, each stimulus has 
an equal chance of being selected on any trial, 
subject to the constraint that one stimulus must be 
positive and the other negative to comprise a pair. 
Of the total of 81 stimuli, 9 are positive instances 
and 72 are negative instances of a conjunction. Thus, 
each trial presented the subject with one randomly 
chosen instance from the set of 9 positives and a 
companion randomly chosen instance from the set 
of 72 negatives. Similar arrangements apply for the 
three other concept types. Following the truth-table 
principle, all truth-table combinations have an equal 
probability of being represented by the stimuli on 
each trial, subject to the constraint that one stimulus 
must be positive and the other negative. In other 
words, stimuli with both (TT), the first but not the 
second (TF), the second but not the first (FT), and 
neither (FF) relevant attribute have an equal prob- 


TABLE 2 


PERCENTAGES OF OCCURRENCES Or V. 
AND NEGATIVE СА 


EGORIES IN 


NT DIMENSIONS IN PosttiIvE 
“XPERIMENT 1 


Rule 
Conjunctive Disjunctive Conditional Biconditional 
Posi- Nega- Posi- Nega- Posi- Nega- Posi- Nega- 
ге tive tive tive tive tive tive tive 
Dimension and cate- cate- cate- cate- cate- cate- cate- cate- 
value gory gory gory gory gory gory gory gory 
Natural population 
Dimension A 
a 100 25 60 0 15 100 20 50 
a 0 37.5 20 50 42.5 0 40 25 
Dimension X 
x 100 25 60 0 42.5 0 20 50 
a 0 31.5 20 50 28.8 50 40 25 
Mean trials 
to solution 6.0 30.0 41.0 56.0 
Mean errors 
to solution 24 11.8 16.5 23.8 
Truth-table population 
Dimension A 
d 100 33 70 0 33 100 50 50 
Di. о 33 15 50 33 0 25 25 
Imnension X 
А 100 33 70 0 65 0 50 50 
d о 33 15 80 17.5 50 25 25 
Mean trials 
to solution 6.0 28.0 39.0 54.0 
Mean errors 
to solution 2.0 12.5 17.3 26.8 


Not 

CM 

i Le = "- 
evant values, @ and x = irrelevant values, 
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ability of being selected on any trial. For a conjunc- 
tion, the positive stimulus on each trial would be 
chosen from the TT class. Two steps were required 
to obtain a negative stimulus. First, one of the 
remaining three classes (TF, FT, or FF) was ran- 
domly chosen; then a stimulus within that class 
was selected. The stimulus sequences used in this 
and all remaining experiments provided sufficient 
information for a subject with perfect memory 
making errorless inferences to identify the relevant 
stimulus values usually in two and, at most, in three 
trials. 

The stimuli were geometrical designs, having the 
following dimensions (and levels): color (red, yellow, 
or green), number of figures (1, 2, or 3 identical 
figures), size (large, medium, or small), and shape 
(square, triangle, or circle). Table 2 shows the rela- 
tive frequency (percentage) of occurrence of values 
from the two relevant dimensions for the various 
rules and for both natural and truth-table stimulus 
sequences. 

Subjects were fully instructed as to the dimensions 
and the values of the stimuli and the rule which 
defined solution to their problem. They were given 
a number of examples of how the rule for their 
problem could be used to combine two stimulus 
values to form a positive and a negative category. 
Subjects demonstrated their knowledge of the rule 
by categorizing stimuli according to a stated solu- 
tion given by the experimenter. Furthermore, sub- 
jects were asked to describe partitionings of the 
stimulus population using the rule and two values 
named by the experimenter. In the experimental 
problem, each trial confronted subjects with two 
stimuli, one positive and one negative, presented 
with two slide projectors on a translucent viewing 
screen, The right-left position of stimuli varied 
randomly. Each trial consisted of a subject-paced 
response interval, a 5-sec feedback interval during 
which only the positive slide was available for the 

subjects’ inspection, and a 2-sec intertrial interval. 
The subjects’ task was to pick the positive stimulus 
on every trial. Subjects knew the rule for solution, 
but had to determine the two relevant attributes in 
order to be able to pick the positive stimulus. Trials 
continued until subjects met a criterion of 16 cor- 
rect responses or reached Trial 80 without solution. 


Results and Discussion 


Table 2 shows, for each of the eight main 
conditions in this experiment, the propor- 
tion of time а, d, x, and & occur in the 
positive and negative category of a given 
concept problem. Also shown in Table 2 
are the mean trials and mean errors to the 
solution for each problem. Performance in 
trials differs reliably among conceptual 
rules, F(3, 80) = 33.48, WS, = 328.68. In 
this and all other statistical tests p < .05 
was considered reliable. There were no 
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main effects or interactions involving stimu- 
lus population or problems. Similar results 
obtained in an analysis of errors The rule 
order found in Experiment 1 with the 
discrimination paradigm is the same as that 
obtained in both the standard anticipation 
procedure (Haygood & Bourne, 1965), the 
study test procedure (Bourne & Guy, 
1968), and usually (Bourne, Ekstrand, & 
Montgomery, 1969), but not always 
(Laughlin, 1968), the selection paradigm. 
Thus, these results indicate that perform- 
ance can be expected to be essentially the 
same over significant changes of the expert- 
mental paradigm. 
The results are suggestive, though not 
definitive, with respect to the importance 
of various frequency differentials which 
apply to values on the relevant dimensions. 
Perhaps the major outcome is that differ- 
entials within the positive category аге 
clearly more effective than are those within 
the negative category. Note that both the 
disjunctive and the conditional rule show 
large differentials within the negative cate 
gory, and yet are considerably more diffi- 
cult than conjunctives which show only ® 
small difference within the negative cate 
gory. In contrast, the conjunction, which 
shows the greatest differential within the 
positive category, is by far the easiest 
problem to solve. The biconditional, wit” 
weak differentials in both categories, is, @5 
might be expected, the most difficult P“ 
blem to solve. y 
It appears as though subjects focus 
primarily on the positive category; harc 
surprising in view of the results of 
experiments (Levine, 1967). Moreover: ; 
reader will recall that the positive ee à 
was retained after subjects respondec к 


ce 


form of feedback. Subjects had an opp? n 
tunity to examine the positive instance ey 
cach trial for some period of time after t 

found out whether they were rig" the 
wrong, which was not the case e e 
negative instance. We shall have ic^ [ef 
say about this arrangement later. s [cf 
entials within the negative category ` pof 
from another potential disadvanta&". у, 
the disjunction, à and & occur exclus, үй 


a 
; „ neg 
and а and x never appear in the ! 


"ategory. From earlier evidence (Bourne & 
Guy, 1968), it is likely that subjects cannot 
use cue differentials in which à exceeds a as 
effectively as a exceeds à. The evidence is 
not completely clear, however, and we shall 
examine this question more thoroughly in 
Experiment 2, and elsewhere. 

It seems likely from these data that 
subjects rely primarily upon within-cate- 
gory frequency differentials. Furthermore, 
the tendency to use these differentials 
appears to be limited to the positive cate- 
gory. This experiment was not designed, 


howeve ani ithi 
owever; to manipulate within- апа be- 
tween-category diff 


Кап | crentials systematically. 
Dm ler, the intent was to examine a para- 
gm, like the procedure used in other 


experimental evaluations of frequency cues, 
to discover whether rule differences similar 
to those obtained in other circumstances 
Still exist, and tentatively to judge whether 
Or not frequency differentials are related 
to performance on different conceptual 
rules. In subsequent experiments, we exam- 
ine more rigorously the effect of different 
types of frequency differentials within a 
Single problem type. 


EXPERIMENT 2 


We have established that rule differences 
арреаг in а simultaneous discrimination 
Version of the attribute identification task, 
Just as they do under the standard anticipa- 
tion, the selection, and the study-test 
Procedures, Further, we have shown that 

"equency differentials, especially those 
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within the positive category, correlate with 
obtained rule differences. Finally, there is 
a suggestion in these results that the oc- 
currence of a (or x) with greater frequency 
than à (or #), especially in the positive 
category, is the most effective cue for 
attribute identification. The present study 
was designed to examine two of these 
issues more systematically. Our approach 
was to select a single conceptual rule and 
manipulate frequency differentials within 
that rule. To insure the maximal oppor- 
tunity for effect, the most difficult of the 
primary bidimensional rules, the bicondi- 
tional, was chosen. All frequency manipula- 
tions were made within the positive cate- 
gory, the negative (by necessity) being held 
constant across conditions. Within the 
positive category, we can arrange stimulus 
sequences such that a and x are not dis- 
tinguished, frequency-wise, from à and #, 
conditions where a and x are more frequent 
within the positive category than а and By 
and conditions in which @ and x are less 
frequent than à and 2 in the positive cate- 
gory. Further, we can manipulate the 
absolute magnitude of frequency differen- 
tials between а (or x) and à (or i). Five 
frequency relationships were employed in 
this experiment, as shown in Table 3. 


Method 


Subjects. 'The subjects were 60 students in intro- 
ductory psychology classes who participated to 
fulhll a course requirement. None had previous 
experience in an attribute identification experiment. 


» 
I ERCENTAGES OF ÜCCURRENCES OF VALU 
IN 


TABLE 3 


ON RELEVANT DIMENSIONS IN CONCEPT CATEGORIES 
PERIMENT 2 


Frequency condition 


1 2 3 4 5 
! Posi- а Posi- Posi- Nega- Posi- Nega- Posi- Nega- 
tive tive tive tive tive tive tive tive tive 
Value cate- cate- cate- cate- cate- cate- cate- cate- cate- 
gory gory gory gory gory gory gory gory gory gory 
a 15 50 25 50 33 50 50 50 75 50 
м 42.5 25 37.5 25 33 25 25 25 2.5 25 
1 s tan trials 
Soluti 
М n 44.1 44.5 56.2 16.8 6.25 
1 25 
аы = ч 


i The 
тее 10 Percentages 
vant value R65 are exactly the same for both rel 
©. à = irrelevant value. 


levant dimensions A and X when the conceptual 


rule is biconditional; 


302 


The design of the experiment was a 5 X 2 X 2 
factorial, with five frequency relationships (see 
Table 3), two problems, defined by different pairs of 
relevant attributes (1-yellow and small-square), and 
an equal number of male and female subjects. 

Procedure. In an effort to simplify the problem, 
subjects were given more extensive instructions and 
preliminary practice in the way in which stimulus 
patterns are categorized according to a truth table. 
The trial-by-trial routine was, however, essentially 
the same as that used in Experiment 1. On each trial, 
subjects were shown a pair of slides and were in- 
structed to pick the positive one. After their re- 
sponse, the negative slide disappeared and the 
positive one remained in view for 5 sec. Trials con- 
tinued until the subject made 12 consecutive correct 
responses. In view of the difficulty of the bicondi- 
tional rule, the subject was guided through to solu- 
tion of one practice problem by the experimenter 
before beginning the experimental task. 


Results 


The mean number of trials to criterion 
for the five main conditions of this experi- 
ment are shown in Table 3. In an analysis 
of variance, only the difference among these 
five conditions was statistically significant, 
F(4, 40) = 10.66, MWS, = 329.06. The out- 
come was the same for errors to solution. 

The results are relatively clear-cut. The 
within-category differential is the most im- 

portant frequency cue available to the sub- 
ject in this experiment. When there is no 
frequency differential within the positive 
category, performance is worst. A facilita- 
tive effect exists when à (or 7) is more 
frequent within the positive category than 
a (or x), but the effect is small. Consider- 
ably more important is the case in which 
a (or x) exceeds à (or #); furthermore, the 
larger the size of this differential, the 
greater the facilitating effect. If frequency 
is the only effective cue, then the subject 
must rely on a differential within the nega- 
tive category in order to solve in Condition 
3. All subjects solved this problem, but it 
was clearly the most difficult case. 

The results also speak to the ineffective- 
ness of between-category frequency cues, 
If between-category differences were an 
important bases of discrimination, we 
would expect Condition 4 to be consider- 
ably more difficult, for no such differentials 
exist in this case. All values taken from the 
two relevant dimensions occur with equiva- 
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lent frequency in both the positive and the 
negative category. The results are clearly 
contrary to this expectation. 

In general, then, these data indicate that 
the within-category difference between @ 
(or x) and @ (or &) is the frequency cue 
that subjects rely on primarily to identify 
the relevant values of a concept. The 
effectiveness of this differential is essentially 
limited to the positive category. Where no 
such differential exists in the positive cate- 
gory, performance is poor. While there is à 
small effect due to a differential favoring d 
and z, the within-category difference i$ 
clearly most potent under the comple- 
mentary case. 


EXPERIMENT 3 


We were concerned that the effectiveness 
of within-category differences in frequency 
where values à and т exceed а and x, ге 
spectively, may have been minimized in 
Experiment 2 due to the particular fre- 
quency values selected. Differentials i? 
favor of a and x in Conditions 4 and 5 of that 
study might have been more effective be 
cause they were numerically greater tha? 
differentials in favor of à and 3 in Condi 
tions 1 and 2. Therefore, we undertook 2? 
extension of Experiment 2 designed to us¢ 
more extreme frequency relationships in the 
positive category favoring values à and *- 
Indeed, as shown in Table 4, we develope 
one extreme condition in which the rele 
vant attributes never appear on the positive 
stimuli. 


Method 


undergraduate students in introductory psy¢ 
courses who participated for course credit. pt 
had previously served as a subject in a cone? 
learning experiment. 

Design. The design consisted of three cie 
12 subjects per group, differing in value freque" d 
Àn equal number of males and females were аан ей 
to the three groups. Groups were also subdiv ach 
such that an equal number of subjects solve’ 
of two experimental problems. ne 35 

The procedure and apparatus were the sat 
those used in Experiment 2. 


ip? 


grot 
[iie ee 
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TABLE 4 
PERCENTAGES OF OCCURRENCES OF VALUE F ком RE 


IN EXPERIN 


EVANT DIMENSIONS IN CONCEPT CATEGORIES 
r3 


Condition 
1 2 3 
^ Positive Negative Positive Negative Positive Negative 
Value category category category category category category 
a 20 50 10 50 0 50 
a 40 25 45 25 50 25 
Mean trials to solution 51.0 44.3 38.4 


Note. а = relevant value, @ = irrelevant value. 


Results 


The frequency differential used over the 
three conditions of this experiment are pre- 
sented in Table 4, along with mean trials 
to criterion. In an analysis of variance, only 
the effect of frequency conditions produced 
a significant effect, F(2, 30) = 5.42, WS, = 
112.9. Decreasing mean trials across condi- 
tions does suggest that subjects can use 
within-category differentials even when the 
frequency of a complement exceeds the 
Primary value on a dimension in the posi- 
live category. However, the effect is small 
relative to the effects observed when the 
Primary is more frequent, as in Experiment 
2. Errors to solution exhibited the same 
Outcome, 


EXPERIMENT 4 


In the first 


three experiments, we manip- 
ulate: 


vated the frequency with which various 
maues occur in both positive and negative 
Е of a concept. We have shown that 
trast pon of frequency differential—the con- 
and fo a relevant or primary value 
à ste irrelevant or secondary values from 
eflec Pe dimension—has a substantial 
Somehow Performance. Thus, the subject 
гедцепо "лаве to retain within-category 
Stimulus di information for . values along 
ideas op ¢_Mensions. Extending the general 
1966 Р frequency theory (Ekstrand et al., 
dicaj, Ve can argue that subjects peri- 
the « Y Scan this frequency information or 
an, UNters” on which it i dE 
Seg, tribute ; hich it is registered in 
{Ch o si e identification problem in 
"Eüificant differentials. The sub- 


ject's response on any trial is based on 
whatever dimensions exhibit recognizable 
differentials. According to a frequency 
analysis, the dimension (s) hypothesized to 
be relevant on a given trial is (are) the 
dimension (s) showing the largest frequency 
differential (s). 

A variety of possibilities exist for the 
way in which frequency information accrues 
to stimulus dimensions. While it seems un- 
likely, the subject might attempt to keep 
track of the frequency of all stimulus values 
within both the negative and the positive 
categories. If this were the case, the subject 
would come to each new trial with two 
independent within-category records based 
on the events of preceding trials. He or 
she would try to remember the two stimuli 
presented on that trial such that, at the 
time of feedback, both positive and nega- 
tive counters could be augmented appropri- 
ately. Alternatively, the subject might 
focus on the positive category, entering 
each trial with a record from previous trials 
of the frequency of attributes within the 
positive category. Remembering both stim- 
uli, the subject makes changes in frequency 
counters based on only the positive stimulus 
at the time of feedback. Because in the 
preceding experiments, feedback reinstated 
only the positive instance on each trial, 
there is still a third possibility. The subject 
could ignore the two stimuli initially pre- 
sented on any trial and make his or her 
frequency adjustments solely on the basis 
of the positive stimulus identified at the 
time of feedback. It is conceivable, of 
course, that counts are made on the basis 
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of both the initially presented stimuli and 
on the stimulus presented at feedback. 

The present experiment examined the 
question. of when frequency counts are 
made. Recall, from Experiment 2, that 
decreasing the size of frequency differentials 
within the positive category of a bicondi- 
tional problem increases the number of 
trials required to solve. One explanation of 
this finding is that subjects make frequency 
counts only on the feedback stimulus, 
which, in that study, was always a member 
of the positive category. If the subject 
makes counts only on feedback stimuli, 
then, reinstating the negative stimulus as 
feedback should eliminate frequency effects 
when only frequency within the positive 
category is manipulated. If, on the other 
hand, frequency variations within the posi- 
tive category affect performance signifi- 
cantly under these conditions, it indicates 
that frequency counts are made on the 
initially presented pair of stimuli as well as, 
or instead of, the feedback stimulus. 


Method 


Procedure. In all respects, the task for subjects in 
the present experiment was exactly the same as that 
required in earlier studies, with one exception. For 
half of the subjects, feedback on each trial was 
provided by removing the negative stimulus and 
allowing the positive stimulus to persist after the 
subject had made his or her response. For the 
remaining subjects, the positive stimulus disap- 
peared upon the subject's response and the negative 
stimulus persisted. Subjects were told about the 
form in which feedback would be delivered during 
instructions and were given several practice trials to 
be sure that they understood whether the feedback 
stimulus was positive or negative. All subjects 
solved one biconditional attribute identification 
problem. 

Design. The design of the experiment was a 
3 X 2 X 2 factorial, with three frequency differen- 
tial conditions, two forms of feedback (as described 
above), and two different problems, each with a 
different pair of relevant attributes. The frequencies 
employed are shown in Table 5. Six subjects were 
randomly assigned to each cell of the design, with 
the total number of subjects being 72. 


Results 


Mean trials to criterion for the six main 
frequency differentials by feedback condi- 
tion are shown in Table 5. An analysis of 
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variance indicated that only the frequency 
condition, F(2, 48) = 87.44, MS, = 441.74, 
was statistically significant. There does 
tend to be a compression of frequency 
effects when the negative stimulus is used 
as feedback. But that effect is neither 
numerically impressive nor statistically sig- 
nificant. The interaction of frequency con- 
dition by feedback was unreliable, F(2, 48) 
= 1.11, while the difference among fre- 
quency conditions given negative feedback 
was highly significant, F(2, 48) = 54.33. 
The effects of frequency are, incidentally, 
exactly like those found in two preceding 
experiments and thus serve to corroborate 
those data. Again we find that differentials 
favoring a over à are more valuable to the 
subject than differentials in the other 
direction. The results were identical with 
errors to solution as the performance 
measure. 


EXPERIMENT 5 


The results of Experiment 4 indicate that 
frequency adjustments are made, at least 
partly, on the basis of the initially presente 
stimuli of any trial. In retrospect, our use 
of the biconditional rule was unfortunatt 
because it might have precluded observable 
effects attributable to the feedback stimt” 
lus. The reason is that frequency differ- 
entials are not changed by the type ? 
feedback in a biconditional problem, even 
though frequency totals are affected. pe 
cause both a and @ values appear in 
positive category of a biconditional, 
peating positive instances at feedback а 2 
extra counts proportionately to both 4 os 
à. Consequently, the difference betwee? t 
values on the relevant dimension i$ " 
increased. Furthermore, and perhaP® “19 
the same basic reason, subjects appear, 
gain roughly equivalent amounts of 1” „е5 
mation from positive and negative instar, 
of a biconditional concept (Bourne & abe 
1968). In that sense as well, then, the 5" 
ject may be indifferent to which tYP^ gi- 
instance serves as feedback in a bic” 
tional problem. 2:081 

Not all rules operate оп attribute е 
quencies in the same way. Ina conju? cut 
problem, for example, à values never 
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in the positive category, and therefore 
extra counts resulting from positive feed- 
back double the frequency difference be- 
tween a and à. After 10 trials of a conjunc- 
tive problem, for example, the a value 
would have a frequency total of 20 when 
positive stimuli are used as feedback, but 
only 10 when negative stimuli are used. 
Because they never occur in the positive 
category, à would have a frequency count 
of 0 under either feedback condition. If our 
analysis is correct, and subjects do make 
frequency adjustments on the basis of the 
feedback stimulus, positive feedback should 
facilitate the learning of a conjunctive 
concept relative to negative feedback. 
lhe present experiment examines the im- 
portance of the type of feedback stimulus in 
a conjunctive concept. Using the conjunc- 
tive concept will allow us to gather evidence 
on another issue, which has been uncertain 
in previous experiments, namely, Do sub- 
jects maintain counters for both the posi- 
tive and the negative category? The fact 
that subjects tend to focus on positive 
instances even in problems where they are 
not more informative than negative in- 
Stances (Bourne et al., 1969) leads to an 
expectation that counters are established 
and/or scanned only in the positive cate- 
Богу, In a conjunctive concept, unlike a 
?Iconditional concept, we can manipulate 
"equency differentials within the negative 
Category, Effective frequency variations in 
le negative category would suggest that 
adbjects do maintain counters for negative 
Vell as positive stimuli. 


Met hod 


Pr eas " 
ssent ите, The procedure of the experiment was 
^ H 


e 

The bei the same as that used in Experiment 4. 
June Rete Solved one problem, based on a con- 
Van din combination of two values from two rele- 

7 tensions, 
a rial ign of the experiment was a 3 X 2X 2 
E mly Betty two subjects were distributed 
1 rua ur among the cells There were 
and ire ey relationships between 
ЖК PA values within the negative 
5 Were eas "s Table 6. Different groups of 
the tear ts He positive stimulus from each 
Made ©К immedi: ive stimulus from each trial as 
® Finan, lately after a response had been 
У› subjects were divided equally be- 
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TABLE 5 
CONDITIONS AND RESULTS OF EXPERIMENT 4 


Percentages of occurrences of values on relevant dimensions 


Condition 
1 2 3 
Posi- Nega- Posi- Nega- Posi- Nega- 
tive tive tive tive tive tive 
" cate- cate- cate- cate- cate- cate- 
Value gory gory gory gory gory gory 
a 12.5 50 50 50 87.5 50 
a 43.8 25 25 25 6.3 25 
Mean trials to solution 
Condition 
Feedback 1 2 3 
feedback 49.6 12.4 
feedback 47.0 16.4 
Overall 48.3 14.4 


Note. a = relevant value, à. = irrelevant value. 


tween two problems, each characterized by a dif- 
ferent pair of relevant attributes. 


Results 


Mean trials to solution are shown in 
Table 6. As is obvious from the frequencies, 
the subject has a very effective and power- 
ful frequency cue in the positive category. 
Both relevant attributes occur on every 
trial in the positive stimulus. None of the 
irrelevant values do. Therefore, on the 
basis of frequency argument, we would 
expect solution to be rapid regardless of 
other variations in the experiment. Indeed, 
it was, relative to performance on bicondi- 
tional problems in earlier experiments. 
There is some, but totally insignificant, 
variation in the means of Table 6. Fre- 
quency effects are consistent with the dif- 
ferentials that exist but are unreliable, 
F(2, 48) = 1.83, р = 17, MS, = 23.26. 
The subject has greatest difficulty when the 
relevant value occurs equally with irrele- 
vant values in the negative category. When 
a discrepancy between relevant and irrele- 
vant values exists, performance is slightly 
but insignificantly better. There is a mean 
difference between positive and negative 
feedback in the expected direction. The sub- 
ject in this case, as in other data, appears 
to be able to use positive instances more 
effectively than negative toward solving a 
conjunctive problem. However, once again, 
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TABLE 6 


CONDITIONS AND RESULTS OF EXPERIMENTS 5 AND б 


Percentages of occurrences of values on relevant dimensions 


Condition 
1 2 3 
Posi- Nega- Posi- Nega- Posi- Nega- 
tive tive tive tive tive tive 
cate- cate- cate- cate- cate- cate- 
Value gory gory gory gory gory gory 
a 100 15 100 33 100 45 
ü 0 42.5 0 33 0 27.5 
Mean trials to solution in Experiment 5 
Condition 
Feedback 1 2 3 
Positive feedback 5.7 6.0 3.8 
Negative feedback 7.0 9.2 6.4 
Overall 6.4 7.6 5.1 
Mean trials to solution in Experiment 6 
Positive feedback 5.7 9.8 3.7 
Negative feedback 8.1 17.3 11.7 
Overall 6.9 13.6 77 


Note. а = relevant value, à. = irrelevant value. 


the statistical significance of this result is 
only marginal, F(1, 48) = 2.13, p = .15. 
We expect that this difference is real and 
could be demonstrated with a more power- 
ful experiment and/or by using problems of 
greater difficulty. No other sources of 
variance in the analysis approached sta- 
tistical reliability. The analysis of errors 
showed a similar performance pattern. 


EXPERIMENT 6 


The results of Experiment 5 provide 
little evidence that subjects maintain 
counters in the negative category or that 
they make extra counts on the stimulus 
provided as feedback. Nevertheless, trends 
in the data are consistent with both claims. 
Part of the problem might stem from the 
fact that conjunctive problems are almost 
trivially easy in the simultaneous dis- 
crimination paradigm. Frequency effects in 
the negative category and facilitation pro- 
duced by extra counts at feedback might be 
obscured by a ceiling on performance. One 
possible way to increase the difficulty of 
the problem and at the same time empha- 
size the importance of the feedback stimu- 
lus is to interpolate a delay interval between 
the subject's response and presentation of 


feedback. 
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Method 


The experimental design and the task were the 
same as in Experiment 5 with two exceptions. A 
5-sec interval was interpolated between the subject’s 
response and presentation of feedback. In addition, 
within the color dimension, blue was substituted for 
green, and within the shape dimension, hexagon ‘was 
substituted for circle. The solutions remained 
1-yellow and small-square. As in Experiment > 
frequency relationships within the negative category 
and the type of feedback were manipulated in à 
between-subjects design. 


Results 


Both errors and trials to solution dis- 
played the same pattern of results. Means 
on the latter measure are shown in Table б. 
Overall, solutions were achieved rapidly, 
though not as rapidly as in Experiment > 
There was a significant effect of feedback 10 
the predicted direction, F(1, 60) — 4.62, 
MS, = 140.22, 6.4 mean trials to solution 
for positive feedback and 12.4 for negative: 
This difference supports the notion th@ 
extra counts are made on the stimulus 
presented at feedback which produces 
larger frequency differentials for subject? 
given positive feedback. 

The relationship among the means 25 
identical to that obtained in Experiment 
with one possibly significant exceptio? 
Generally, we have observed that а fe 
quency differential favoring a over à i$ more 
effective than à over a. In the prese” 
experiment, when the negative instance ^ 
a trial was used as feedback, subjects 
formed better when à > a (Condition > 
than а > à (Condition 3). While the C? Я 
are not extensive enough to supp" ate 
confident conclusion, we might specu. od 
that the more effective a > à cue 15 limit, 
to the category of positive instances g at 
that, when important differentials ар} 
in the negative category, à > а is more 
formative to the subject. 


А th 
Although these results are in lin 
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our predictions, an analysis of V° e 16 
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revealed only a marginally significa! jn 


but. 
sit! 
de 


within the negative category; 
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reveal these effects clearly. A 5-se€ 
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feedback task should have induced some 
forgetting of both initial stimuli, forcing 
the subject to rely on the physically present 
feedback stimulus for his or her frequency 
counts. This leads to the expectation of a 
Frequency X Feedback interaction; reli- 
ance on positive instances should produce 
no frequency effect, while negative feedback 
should enhance effects. The absence of such 
an interaction, F < 1.0, suggests that the 
degree of forgetting of initial stimuli was 
no greater in this experiment than it was 
in the previous one. Consequently the lack 
of a significant frequency effect is insuffi- 
cient grounds for abandoning the idea of 
counters being maintained in the negative 
Category, a notion supported at least by 
trends in the data of two separate 
experiments. 


EXPERIMENT 7 


In a final attempt to provide clear 
evidence of the importance of frequency 
Counts in the negative category, we re- 
turned to a study-test procedure used by 
Bourne and Guy (1968). In that study, 
When subjects were forced to base their 
frequency counts exclusively on negative 
Instances, the universally easy rule, con- 
Junction, was the most difficult problem to 
Solve, Negative instances provided no fre- 
quency differentials among stimulus attri- 
"utes, which made the conjunctive prob- 
em, according to our argument, virtually 
soluble, 
lt is possible to manipulate frequency 
differentials within negative instances in 
ae Study-test paradigm. In the present 
{егы ment, we replicated the small dif- 

tial arrangement used by Bourne and 
Win, (1968) for purposes of comparison 
and „зе other conditions in which a > à 
Should Sa in frequency. The latter groups 
ive ef Provide information about the rela- 
Values sctiveness of differentials favoring а 
tive ШП. opposed to à values among nega- 
Shou] tances. Even though both groups 


Ето p gi огейсаПу solve faster than the 
iv ins бена 

be thar , c? Only a small differential, it may 

N = » 

теа € less often a values occur in the 


€ 2 
Cate MN 
hijs] ood. the more effective the 
18. This result would be, of 
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course, precisely the opposite of frequency 
effects observed heretofore in the positive 
category. 


Method 


Subjects. A total of 42 college students participated 
for cash payment. Several group sessions were con- 
ducted with all subjects attending a particular 
session (п = 2 to 6) assigned to the same experi- 
mental condition. One such subgroup (» — 4) was 
unique. Even before scoring the protocols of these 
subjects, the experimenter suspected that they had 
overheard the correct solution given to the preceding 
group at the end of its session, Suspecting that they 
knew the solution at the outset, we replicated their 
experimental condition with a second subgroup 
(п = 6). Performance in the replication was entirely 
consistent with data obtained from other subgroups 
serving under the same condition. While the study 
was statistically analyzed with both the original and 
the replicated subjects, we elect to base our primary 
conclusions on the replication. Subjects were as- 
signed in equal number to six experimental groups, 
defined by the factorial combination of three fre- 
quency conditions, as shown in Table 7, and two 
problems (1-yellow and small-square). 

Procedure, A series of alternating study and test 
trial sequences was designed for each condition. A 
study sequence consisted of eight successively pre- 
sented negative instances of a conjunctive concept, 
with the composition of the sequence varying ac- 
cording to frequency manipulations. For example, 
in Condition 2 there were two TF, two FT, and four 
FF instances in each sequence. For Condition 1 the 
composition was one TF, one FT, and six FF 
instances. For Condition 3 there were either three 
or four TF or FT instances and alw two FF 
instances presented. The test sequences consisted of 
a member from each of the four truth-table classes; 
that is, there were three negative stimuli and one 
positive within each group of four. The composition 
of study and test sequences was, of course, unknown 
to the subject although each study instance was 
identified as negative. 

As in previous experiments the conjunctive nature 
of the solution and the dimensions along which the 
stimuli varied were explained before beginning the 
task. Then a study sequence of eight negative 
instances was shown at the rate of one every 5 sec. 
Next the first four test stimuli were presented one at 
a time for 10 sec. Subjects responded to each by 
writing + or — on an answer sheet. This study-test 
series was repeated 15 times; hence overall, subjects 
studied 120 negative stimuli and responded on 60 
test trials, 


Results 

Because the number of test trials was 
fixed for all subjects, the number of errors 
was the main performance index. The data 


308 


BOURNE, EKSTRAND, LOVALLO, KELLOGG, HIEW, YAROUSH 


TABLE 7 


PERCENTAGES OF OCCURRENCES OF V. 


UES ON RELEVANT DIMENSIONS IN 


Concert CATEGORIES IN EXPERIMENT 7 
Condition 
H 2 3 
Positive Negative Positive Negative Positive Negative 
Value category category category category category category 
a 100 15 100 25 100 45 
а 0 42.5 0 37.5 0 27.5 
Mean errors 22.1 28.4 24.6 


Note. а = relevant value, à. = irrelevant value. 


are presented in Table 7. The only reliable 
effect in an analysis of variance was fre- 
quency, F(2, 30) = 4.80, MS, = 25.46; 
problems and all interaction sources of 
variance were insignificant. Planned orthog- 
onal comparisons showed that Condition 2 
made significantly more errors than the 
average of the two frequency differential 
conditions (1 and 3), F(1, 30) = 8.12. The 
latter two conditions do not differ reliably, 
F(1, 30) = 1.47. The first result indicates 
that subjects apparently can maintain and 
scan counters within the negative category, 
at least when forced to do so. The large 
performance difference in favor of subjects 
provided with frequency cues confirms the 
trends found in both Experiments 5 and 6. 
Also, although the difference was unreliable, 
subjects given differentials favoring à 
values made fewer errors than those given 
a> à. Unlike the case in which differen- 
tials are varied within the positive category, 
it seems that @ > a differentials are more 
effective in the negative category, when 
negative feedback or negative study in- 
stances are used. 


DISCUSSION 


The results of these experiments support 
the following conclusions. Differences in 
the frequency of occurrence represent a 
potent source of information which sub- 
jects use to identify the relevant values of 
an unknown concept. While there are a 
variety of frequency differentials available, 
the most effective cue is provided when the 
relevant concept value occurs within a 


particular category with a substantially 
different frequency than other values on 
the same stimulus dimension. 

The frequency theory of verbal discrimi- 
nation learning (Ekstrand et al., 1966) can 
be extended to attribute identification in 
such a way as to give a natural account of 
these results. According to frequency the- 
ory, the primary basis for learning dis- 
criminations is the accumulation of dif- 
ferential frequency (of occurrence) counts 
for the correct (i.e., relevant) versus in- 
correct (i.e., irrelevant) stimulus or stim- 
ulus values. For the present experiments, 
the theory would suggest that the subject 
sets up within-category frequency counters 
for each value on each stimulus dimension 
The subject scans these counters periodi- 
cally in search of significant differentials. 
Once a differential is detected, the subject 
attends to and responds primarily on the 
basis of the dimension within which that 
differential exists. Results obtained her 
suggest that subjects are capable of iw 
counters within both the positive a ne 
negative categories of a concept, but ak 
parently focus whenever possible on ре 
tive counters. This fact comes as по gr 1^ 
surprise in view of earlier research 1! ne 
cept formation which documents а 9 vest 
tendency toward positive focusing i? " 
subjects. 

Analogues to the Ekstrand et S 
Rule 1 and Rule 2 are also evident 7? үре 
data. That is, it would appear 25 fav 
subject can use differentials whic? , 
sithe ; y: Rule a 
either the defining value, @ ( fro™ 
the nondefining values, @ (Rule 2) 
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relevant dimension. We have shown that 
Rule 1 is clearly easier to follow when 
frequency variations are made within the 
positive category. However, à > a differ- 
entials seem to be the more useful when the 
differentials appear in the negative cate- 
gory. This dependency on category can be 
understood in the light of data reported by 
l'oppino and Johnson (1974). These au- 
thors show that when subjects are given 
only positive items in a study-test para- 
digm, they adopt a strategy of looking for 
the occurrence of a relevant attribute, while 
Subjects given only negative instances look 
for the absence of a relevant attribute. Thus 
under the former conditions, a differential 
favoring a > а would focus subjects’ atten- 
tion on the relevant attributes, while an 
а> a differential would be more useful 
When subjects are provided with only 
negative information to work with as in 
Experiment 7. 

Our results suggest that frequency counts 
accumulate primarily during stimulus pre- 
Sentation, but also accumulate during feed- 
back. The data indicate that frequency 
counts are made separately for the two 
Concept categories. The subject attempts 
to retain the attributes of each stimulus 
Presented on a given trial until feedback. 
At feedback, adjustments are made in both 
Counters, Because subjects focus on positive 
stances, counts within the positive cate- 
ХТУ tend to be more accurate than those 
efie ei. the negative category. Subjects can 
ме Ctively use negative differentials when 

luired, however. Furthermore, because 
Ubjects give extra weight (frequency 
punts) to the stimulus used as feedback, 
wher dency to positive focus is moderated 
insta Feedback is provided by negative 

lances, 
‘Tom 
that frequ 
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Ohcept en a wide range ef variables in 
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Lin tia р iew of the fact that concepts 
tions ie ast analysis, based on discrimi- 
ESSeg in AE objects, events, or proc- 
ee S environment, and frequency 
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Sauged interpretation of discrimi- 
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nation learning phenomena (Ekstrand et 
al., 1966). On the other hand, the wide 
array of effects more or less unique to 
concept formation which frequency theory 
gives a reasonable account of is, we think, 
truly impressive. Consider the variables 
examined in the present series of experi- 
ments. Foremost among them is the form 
of the conceptual rule. It has been known 
for some time that bidimensional rules are 
not equivalently difficult in attribute iden- 
tification problems, despite the fact that 
the rule is named in advance for the sub- 
ject. A variety of interpretations have been 
offered, as summarized elsewhere (Bourne, 
1970). None of these interpretations has 
been able to make sense consistently out of 
the available data. We were alerted to a 
possible frequency interpretation by an 
unusual outcome in one earlier experiment. 
It is reasonably clear, from the first of the 
studies reported in this article, that, if 
nothing else, the difficulty of required 
discriminations imposed by the various 
conceptual rules correlates reliably, indeed 
almost perfectly, with the frequency dif- 
ferentials that accumulate between rele- 
vant and irrelevant values of the stimulus 
among instances of the positive category. 
Subsequent studies give a clearer picture. 
Within the context of a single rule, one can 
manipulate difficulty widely from practi- 
cally trivial to practically impossible just 
by arbitrarily changing the aforementioned 
frequency differentials. We conclude that 
frequency theory is the most adequate 
interpretation of rule differences yet 
suggested. 

We have found elsewhere (Bourne & 
Guy, 1968) that the utility of positive and 
negative instances is a function of the 
conceptual rule. Positive instances are a 
much more valuable source of information 
when the concept is conjunctive, while 
negative instances are more informative 
and more effectively used when the con- 
cept is conditional. An examination of 
frequency differentials within the positive 
and the negative category reveals a cor- 
relate of this phenomenon. For conjunctive 
problems, a large frequency differential 
exists within the positive category, relative 
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to differentials within the negative. Just 
the opposite is the case in conditionals. 
For disjunctives and biconditionals, fre- 
quency differentials are relatively equiva- 
lent in both categories. As a frequency 
analysis predicts, subjects are relatively 
indifferent to the positive-negative distinc- 
tion in these latter two cases. 
There are several factors affecting con- 
cept formation, which have been docu- 
mented elsewhere, for which frequency 
theory also gives an adequate interpreta- 
tion. Haygood, Harbert, and Omlar (1970) 
demonstrated that, under certain condi- 
tions, an increase in the number of values 
per dimension of the stimulus leads to im- 
provement in attribute identification per- 
formance. This outcome is somewhat 
counterintuitive because intradimensional 
variability contributes to the complexity of 
the stimulus population, and factors of 
that sort have been shown elsewhere 
(Bourne & Restle, 1959) to impede attri- 
bute identification. The fact of the matter 
is, however, by increasing intradimensional 
variability, Haygood et al. simultaneously 
increased the magnitude of the frequency 
differential between the relevant value of 
a given concept and all irrelevant values. 
Chumbley, Lau, Rog, and Haile (1971) and 
Schultz and Dodd (1972) have shown that 
by increasing the frequency of a selected 
value on irrelevant dimensions of the stimu- 
lus, so as to counterbalance frequency 
differentials produced by intradimensional 
variability, all or nearly all of the intra- 
dimensional variability effect is removed. 
Bourne and Hanson (Note 1) have shown 
that artificially increasing the frequency of 
a selected irrelevant value from the relevant 
dimension, making the difference between 
it and the relevant value smaller, also 
minimizes the intradimensional variability 
effect. Thus, it seems clear at this point 
that frequency differentials were probably 
the base factor relied upon by subjects in 
the Haygood et al. experiment and, corre- 
spondingly, that frequency theory can give 
a reasonable account of the effects of 
intradimensional variability. 
In contrast to the aforementioned effect, 
increasing the frequency with which a 
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particular value from an irrelevant dimen- 
sion occurs in the positive category—a 
manipulation which has been called per- 
centage of reinforcement for an irrelevant 
dimension (Bourne & Haygood, 1960)— 
facilitates the identification of the true 
relevant value. The effect can be under- 
stood as follows. The relevant value 
of the concept occurs with 100% frequency 
in the positive category. The more fre- 
quently an irrelevant value occurs in the 
positive category, the more the two values, 
one relevant and one irrelevant, come to 
function as a larger, more salient single one- 
It is well known from other experiments 
(Bourne & Haygood, 1959) that when two 
values from different dimensions occur 
100% of the time in the positive category: 
that is, when there are two redundant cues 
to solution, performance is markedly facili- 
tated. Thus, as the frequency of an irrele- 
vant cue within the positive category 
increases, the situation becomes more like 
the redundant relevant-cue problem. We 
would say that, as the frequency of the 
irrelevant value in the positive category 
becomes large, the subject is provided with 
two redundant, rather than one, frequency 
discriminations. These differentials draw 
the subject's attention to the two critica 
values. The more reinforcement for an 
irrelevant value, the quicker the subject § 
attention is drawn to the pair. From that 
point on, what was once a problem whiet 
required discrimination among some larg" 
number of stimulus values becomes a ms Й 
ter of separating the correct from the 5115 
incorrect value, a much simpler problem. 
It is one thing to give a post hoc T д 
of known results. It's quite another t° |. 
the same theory to forecast various ae 
nomena and relationships. We think tha 
frequency theory of attribute identifi / 
has that potential, and we concluce e 
offering several possibilities for future in 
search. Having postulated that sube cy, 
some way keep track of attribute frequ сой“ 
we would expect that, at the time о гуе 
cept attainment, and perhaps even 
they will be able to estimate the } s 
frequency with which values on ont 
and irrelevant dimensions occur wit 
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Positive category. We expect some degree 
of absolute accuracy їп these frequency 
Judgments. Furthermore subjects who are 
accurate їп their frequency judgments, 
either in the concept identification task or 
in a different context, should be better 
concept learners than those who are inac- 
curate in a frequency judgment task. Al- 
though frequency judgment data would 
directly bear on the issue of whether fre- 
quency information is maintained in an 
accessible fashion, these data would not 
Teveal how its encoding is accomplished. 
Ekstrand et al. (1966) use the notion of 
Counters which increment each time the 
appropriate stimulus or stimulus feature is 
encountered. Such counters also provide a 
Convenient metaphor, useful in expressing 
the implications of our frequency theory. 
At this stage, however, we prefer a more 
exible position, for it is not at all clear how 
frequency information is actually encoded 
and stored, Consequently, our metaphorical 
Use of the counter idea should not be con- 
Strued as a definite theoretical commitment. 
9 the contrary, the basic ingredient of our 
theory, the frequency differential, would 
unction appropriately assuming any one 
of а variety of representations of frequency 
information, 
By varying the frequency with which 
Опе value from each irrelevant dimension 
Occurs within the positive category, relative 
to all other values on the same dimension, 
We can predict the order in which a subject 
Will eliminate each dimension as irrelevant. 
“Irst, the more evenly frequency of occur- 
Тепсе in the positive category is spread over 
1° values of a dimension, the easier that 
'Nension will be to eliminate; the greater 
valua “Ччепсу differential between one 
Withr, and all others on the same dimension 
iie, B Bosnie category, MU дш 
relates it will be to eliminate. Second, and 
| to the first hypothesis, we ought to 
to select an optimal sequence and 
sequera Degrees of nonoptimal stimulus 
Which sn Ап optimal sequence is one 
Tele Preads frequencies evenly over ir- 
tens sions while maximizing the 
Nong “al within the relevant dimension. 


Ри: Е 
Nal sequences are those which pro- 
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duce a frequency differential within one or 
more irrelevant dimensions. 

One final point might be made about the 
frequency theory of attribute identification. 
We believe there is some possibility that 
this theory can give a more adequate 
account of the formation of naturalistic con- 
cepts than any other yet proposed. As noted 
by Rosch (1973) and others, there are im- 
portant intrinsic differences between na- 
tural concepts and those ordinarily studied 
in the laboratory. For one thing, the di- 
mensions which characterize the natural 
environment are not neat and tidy orthog- 
onal dimensions, each with an equivalent 
number of values. Rather, they tend to 
form correlated clusters. Many of them are 
continuous rather than discrete. Instances 
of a natural concept may not share any 
particular attribute. Even in a simple base- 
level concept like table, there may be no 
single physical or perceptible value that all 
instances have. Ordinarily, a person can 
know and use a naturalistic concept without 
awareness of all, or perhaps any, of its 
critical features. Finally, naturalistic con- 
cepts often seem best represented by some 
prototypical or "best" instance. Other 
instances of the same concept have varying 
degrees of membership. Some are marginal, 
some are almost as good as the prototype. 
The formation and use of natural concepts 
has become the object of recent investiga- 
tion (Rosch, 1973), but not within the 
context of the traditional laboratory task. 
The available evidence suggests that people 
do indeed typically form concepts around a 
prototypical value and can offer judgments 
regarding the degree of membership with 
respect to varying instances. 

We believe that a reasonable interpreta- 
tion of these facts can be given as follows. 
A concept is defined, or parameterized, by 
some rule form-relationship among a set of 
attributes, аз, d», аз,... (Bourne, 1970). 
Each attribute has some frequency of oc- 
currence in the positive category of a con- 
cept. No attribute necessarily occurs with 
probability 1.0; however, the more probable 
an attribute, the better it is as à defining 
characteristic of the concept. In this 
scheme, the prototype would be defined ЯБ 
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that stimulus which contains all defining 
characteristics, no matter how low their 
probability. Where two defining character- 
istics cannot coexist, the prototype will 
contain the more highly probable. The 
degree of membership for any particular 
instance is controlled by which and how 
many defining characteristics that instance 
has. In general, the more defining charac- 
teristics there are, the better the instance is 
as a representative of the category. Fur- 
ther, given two instances with the same 
number of defining characteristics, the one 
whose characteristics have higher frequency 
on the average will be judged a better mem- 
ber of the category. We plan an experiment 
in which a new, quasi-natural concept will 
be taught to subjects. The concept will have 
a great many defining characteristics whose 
frequency of occurrence in the positive 
category will vary. After concept learning, 
we plan to elicit judgments from the sub- 
ject about the prototype or best example of 
the concept, about the relative merits of 
any pair of instances as to category mem- 
bership, and about the rank ordering of 
randomly selected instances as to their 
representativeness. We expect to be able to 
reproduce the phenomena said to be char- 
acteristic of natural concepts in this labora- 
tory situation and thereby to give addi- 
tional evidence in support of a frequency 
analysis and theory of concept learning. 
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An Interval Scale for Studying and 
Quantifying Social Relations 
in Pairs of Rhesus Monkeys 


Peter E. Maxim 
University of Washingtdn 


| 
| 
ү | 
SUMMARY | Bureau Edni Pay: Recearch. | 
i 
y An interval scale of 17 behavior categories was constructed from data on 120 
Y Pairs of rhesus monkeys while they were establishing a social relationship, Data 
а were obtained by a procedure analogous to that used in human psychophysical 
scaling, The Method of Successive Categories was used to obtain interval values 
of these categories from 4,662 spontaneous social interactions Occurring as two 
Step chains—a single dominant stimulus category followed by a single submissive 
Tesponse category, preceded and followed by at least 15 sec of no social interaction. 
| A second group of social interactions occurred as long-step chains—three or more 
behavior categories preceded and followed by at least 15 sec of no interaction. 
Category intervals derived from two-step chains were used to determine the appro- 
Priate constant which would make the sums of all long-step chains approximate 
Zero. This constant was then used to derive the final scale values. 
This scale was applied to the long-step chains to analyze the possible meaning 
ОЁ these complicated sequences. It was found that these sequences could be em- 
Pirically placed in one of five classes based on whether one or both animals showed 
Only dominant or submissive categories or a mixture of the two. Such a mixture 
Was found to signify friendliness and was used by either monkey to attract the other. 
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Dominance hierarchies in rhesus monkeys 
have been well documented in field reports 
and should provide a good social system for 
detailed study of such constructs as agres- 
sion, fear, and social closeness. However, it 
is difficult to compare different social rela- 
tionships without a quantitative scale for 
measuring such social interaction (Maxim, 
1972). Most studies of social relationships 
in monkeys have concentrated on develop- 
ing nominal behavior scales such as catalogs 
(Hinde & Rowell, 1962) which simply clas- 
sify behavior categories and indicate mea- 
sures of frequency. The next higher order of 
scaling is a rank-ordered or an ordinal scale 
of behavior categories (reported for rhesus 
monkeys by Altmann, 1962) and a deriva- 
tion of this scale is a useful beginning mea- 
sure (Maxim, 1972). 

In the literature, primate behavior cate- 
gories are often ranked in terms of a char- 
acteristic emotional state such as increasing 
aggression or fear. This principle permits the 
use of additional statistics such as medians 
and rank-order coefficients of correlation. A 
median divides combined frequencies into 
equal quantities which can be compared, but 
finer comparisons in the rank ordering are 
unjustified, which severely limits analysis of 
social behavior. Studies too often rely on a 
single, frequently occurring measure to ѕут- 
bolize a complex relationship, or report 


These data were collected by personnel of the 
Aerospace Medical Research Laboratory, Aero- 
space Medical Division, Air Force Systems Com- 
mand, Wright-Patterson Air Force Base, Ohio. 
The study was conducted according to the "Guide 
for Laboratory Animals Facilities and Care," 1965, 
prepared by the Committee on the Guide for Lab- 
oratory Animal Resources, National Academy of 
Sciences, National Research Council. Reprints of 
that article are identified by the Aerospace Medical 
Research Laboratory as AMRL-TR-73-98. 

I want to express special thanks to Tsgt Alva 
Karl of the Veterinary Medicine branch of Aero- 
space Medical Research Laboratory for his 
generous cooperation and advice. Preparation of 
the manuscript was supported in part by National 
Institutes of Health Grant RR00166 to the Regional 
Primate Research Center at the University of 
Washington. 

Requests for reprints should be sent to Peter 
E. Maxim, Department of Psychiatry and Be- 
havioral Sciences, University of Washington School 
of Medicine, Seattle, Washington 98195. 
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single frequency measures across а number 
of behavior categories in a single time block. 
Both procedures miss the detailed sequencing 
of multiple behavior categories within the 
time block which are important for measur- 
ing behavioral change in relationships. 

This article presents an interval scale 
which allows one to use the whole repertoire 
of rhesus social behavior in measuring dom- 
inant-submissive relationships. Interval 
scales are equal-unit scales in that numeri- 
cally equal distances on the scale stand for 
empirically equal distances in some aspect 
of the categories concerned. With such а 
scale one can add intervals expressed by the 
categories on it and logically arrive at an 
overall score of the underlying property. 
Furthermore, one can compile a “running 
score" of behavioral interaction. which will 
reflect social changes. The meaningful addi- 
tion of such amounts requires à scale with 
an appropriate zero point; but scales of this 
type, such as scales of length or numerous- 
ness, are rare. Most scales of physical mea- 
sure are interval scales which have logically 
but arbitrarily defined zero points, for ex- 
ample, calendar time. In the scale reported 
here the zero point is similarly derived by a 
logical method. 

Maurus and Pruscha (1972) attempted 
to quantify social behavior in squirrel mon- 
keys responding to telestimulation-induced 
behavior categories of a test monkey, and 
concluded that social interaction following 
a given category was too random to allow 
scaling. They may have had difficulties be- 
cause their response data were gathered from 
multiple ongoing interactions of group mem- 
bers. As Carpenter (1964) noted, “the indi- 
vidual within a group does not have free 
behavioral exchange with every other mem- 
ber because of established channels of rela- 
tions and restrictions and his own status. 
This makes it difficult for the observer to 
evaluate the real communicative effect 0 is 
given behavior category on a group of К 
keys. Thus, in this study observations ari 
made on the social interaction that Чез ар. 
in pairs of rhesus monkeys that were inita 
strangers to one another. 

In preliminary observations iL 
that each animal produced certat 
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to express dominance and others to express 
Submission, while mixtures of different be- 
haviors sequentially produced seemed to 
Signify friendliness. To all of these categories 
the responding animal produced a response 
Which frequently seemed specific. Such spe- 
Cific single responses seemed readily usable 
11 scaling the behavior categories. On the 
other hand, much of the subtlety of the rela- 
tionship appeared to occur in longer se- 
quences of interaction. In this article I first 
describe the use of long and short sequences 
of interaction in deriving a scale of behavior 
Categories and then describe how the scale 
Was used to examine the more complex mes- 
Sages occurring in the longer interaction 
Sequences, 

In the short interaction sequences each 
animal most clearly seemed to "judge" be- 
havior categories produced by the other 
monkey and reply to them with a comple- 
mentary response. For this reason it seemed 
possible to adopt a scaling strategy analogous 
to that used for human psychophysical 
Scaling which utilized these short sequences. 

Theoretic bases for unidimensional psy- 
chophysical scaling models have been sum- 
marized by Torgerson (1958). In psycho- 
Physical scaling, the human subject judges 
Where a particular stimulus from a set of 
Stimuli is to be rank-ordered on a given di- 
Mension. In our study sets of 3 monkeys of 
high, middle, and low rank were paired in 
turn with sets of 10 other monkeys. Because 
9f their social rank it was presumed that the 

“index” monkeys would together present 
the full range of behavior categories to the 

0 other monkeys who, by their responses, 
Would “judge” the rank-order of these cate- 
Sories. A scale value for a given category 
Could then be established by relating the fre- 
quency distribution of responses for that 
Category to the frequency response distribu- 
tions of the other stimulus categories accord- 
ing to Thurstone’s Law of Categorical 

"dgment, (The Law of Categorical Judg- 
Ment is а set of equations which, using the 
"equency distributions of responses to a set 
nd stimuli, establishes the parameters and 

“ап scale values of those stimuli.) 

his scaling model assumes that the 
"nderlying attribute to which the behavior 
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categories are related is on a psychological 
continuum. Each time a category is presented 
it presumably elicits some sort of discriminal 
process whose value on this continuum is 
expressed by the complementary response 
category. The model also implicitly assumes 
that at the time of judgment the response 
category correlates with internal state. Due 
to a number of factors, including varying 
perception and internal mood states of the 
responding monkey, repeated presentation 
of the stimulus category is not always asso- 
ciated with a particular response category, 
but may be associated with ones higher or 
lower on the continuum. The model does 
postulate that the values associated with 
any given stimulus behavior category project 
a normal distribution on the continuum. 
Different stimulus categories may have dif- 
ferent scale values and standard deviations 
to their response category distributions. 

A number of methods that represent 
special cases of Thurstone's Law of Cate- 
gorical Judgment have been developed to 
handle data from different experimental 
situations. In this experiment, behavioral 
response "judgments" were analyzed accord- 
ing to the Method of Successive Categories. 
This method used judgments which fall into 
a limited number of categories along the 
continuum. No assumption is made concern- 
ing the psychological equality of behavior 
category intervals but it is assumed that one 
can rank order the categories and that their 
boundary definitions are stable except for 
sampling errors. 

It should be noted that this is a method for 
sealing behavior categories, not for assessing 
the characteristics of the monkey population. 
However, since the resultant scale was sup- 
posed to reflect “normal” emotional affect 
inherent in the behavior categories, we 
attempted to obtain as “normal” a popula- 
tion of rhesus monkeys as possible. Sackett 
(1965), among others, has presented evi- 
dence that the coupling of affect to a given 
behavior category is largely a learned phe- 
nomenon. Therefore, the "judges" in this 
study were adult rhesus monkevs who had 
had early social experience in the wild and 
so presumably could give accurate social 
responses. Some studies have also reported 
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separate female-female hierarchies within 
the male-dominated group (Altmann, 1962; 
Carpenter, 1964; Hinde & Rowell, 1962). 
Therefore, to cover the full range of possible 
social interaction all three pair types were 
tested : male-male, male-female, and female- 
female. 

In compiling a catalog of behavior cate- 
gories I tried to keep the categories as 
molecular as possible so that they could be 
treated later as units of recombination in 
studying longer category sequences. This 
produced a more restricted definition. of 
some categories (e.g., threat, lipsmack) than 
that contained in previous reports (Hinde & 
Rowell, 1962). A preliminary catalog, com- 
prised of combined lists (Altmann, 1962; 
Hinde & Rowell, 1962; Sade, 1965), was 
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used in several pilot sessions, and categories 
that were not observed were deleted. In addi- 
tion, since communication was considered as 
a dynamic process, the behavior repertoire 
was limited to those categories which, when 
attempted, generally produced an immediate 
observable change in the behavior of the 
other animal. 


METHOD 


Subjects were 26 adult rhesus monkeys (Macaca 
mulatta): 13 males with a mean age of 7 years 
(range 6 to 12 years) and a mean weight of 9.7 kg 
(range 7.2 to 13.6 kg), and 13 females with a 
mean age of 5.75 years (range 4 to 11 years) and 
mean weight of 5.5 kg (range 3.7 to 6.8 kg). 
Animal handlers picked three index animals of each 
sex from a colony population of 250: the most 
dominant, the least dominant, and a middle-ranking 
animal Ten other monkey "judges" of each sex 


TABLE 1 
BEHAVIOR CATALOG 


No. Category Definition 
1. Attack Running attack, mouth open, cars flattened, whether or not contact with the 
other is made 
2. Hit Attempting to slap or hit at the other | 
3. Bite Attempting to bite the other while holding him down 
4. Open-jawed threat Sudden Heap head thrust month opening wide, ears forward, shoulder and 
neck hair erect, while staring at the other 
5. Frown-threat Sudden staring at the other, mouth closed, eyebrows moving up and down, ears 
flicking back and forth; looks ‘‘scandalized” 
6. Slap ground Slapping perch with one hand while sitting, staring at the other 
7. Branch shake Attempting to shake perch or cage bars 
8. Head bob Sudden up-and-down head movement while staring at the other 
9. Approach Walking toward the other without looking at him, starting from a distance 
greater than 3 ft. (.91 m) 
10. Stare Looking intently at the other monkey while sitting, standing, or walking; fixing 
eyes on other's face, making eye contact should the other look around Й 
11. Mount Attempting to mount (ће back, side, or shoulders of another; pelvic mounting 
D. Sexually except as defined for sexual mounting f 
^. Sexually mount Attempts by a male to pelvic mount a female, occurring as one of a sequence * 
B Баш NS mounts generally 10-45 sec apart, between which the pair sits toget ner it 
alking stiff-legged with arched back and raised tail, often flicking out IT? ig 
teeth with each step, not looking at the other monkey but obviously crossi! 
id, 1 his field of vision 
15, Lae а кш ает to a behavior directed toward oneself 
16. Walk away Walkie е away om the other animal ч 
17. Show neck Looking up and Е efa Re ig i Ider and neck t? И 
18. Present Presenting hind ае коше none кезер = = EK Чч 
19. Sexually present Presenting hindbuarters о pes саа a ш gaml tt P $t (.91 m) 
apart, while she looks ticker bi i с e iere cue ip don ег. 
; 3n. id А. at him throug er legs "el Г: Sua 15 
20. Lipsmack это of lips alternating with licking бее movements while the face 
11. Сгїтасе К түү. ith while turning head to the side 
A EIN Tepid ани Бр. away from another animal j nit marii in 
. а Ma рее arms bent, head down, апа по 
С response to behavior by another di 
2s joe M Sliding, scraping, picking at the hair of one monkey by another gw hich qe? 


Two animals sitting less than 3 ft. 91 m) from cach other, durin 


may groom, huddle closely, or doze 
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TABLE 2 


DISTRIBUTION or SoctaL BEHAVIOR CATEGORIES 
CROSS THE 30-Міх OBSERVATION SESSION, 


BTAINED FROM EACH oF 10 PAIRS OF 
MALE Monkeys 
Successive 3-min Mean 
interva percentage 
1 23 
2 20 
3 10 
+ 9 
5 9 
6 7 
7 6 
8 6 
9 5 
10 5 


| 


Were randomly picked from the same population, 
excluding any that showed abnormal behavior 
such as motor tics. Though none of the popula- 
tion had been previously paired together, the 
choices of index monkeys proved to be accurate 
In terms of dominance status. The 6 index monkeys 
Were paired with each of the 20 stimulus monkeys 
for two 30-min sessions occurring at least 2 weeks 
part, Data were thus obtained from 240 sessions 
using 120 pairs: 30 male-male, 30 female-female, 
and 60 male-female pairs. All monkeys were at 
least 2 years old when caught in the wild; none 
had had prior social contact with others in the 
Sroup. All males had had their canine teeth re- 
Moved at least 1 year previously, Between test 
Sessions males and females were housed in separate 
Tooms, in individual cages from which they could 
tear but not see one another. 

Pairs were introduced into a 6 X 6 x 6 ft. (1.83 X 
1.83 x 1.83 m) observation cage for the 30-min test 
Session at the same time each day. The cage was 
lile-enclosed except for the front side of steel bars, 
and was isolated from other rhesus monkeys. [ts 
'ghted interior was bare except for food and 
Water supplies and a 2-ft. (.59-m) deep perch 
running the length of the back wall, 3 ft. (.91 m) 
Off the floor, The monkeys could see, in addition 
to the seated observer, baboons caged 30 ft. (9.1 m) 
away, and could hear all the usual sounds of a 
arge animal facility. In male-male pairings there 
Were frequently several minutes of initial fighting 
Until one male showed obvious and consistent sub- 
Missive behavior. Scoring was begun at time zero, 
"Ut data were not used for scaling until 1 min 
after initial fighting stopped. In pairing without 
mitia] fighting, data were used for scaling beginning 
S Min after introduction. This rule was imposed be- 

ause relationships prior to those time points were 

Fequently confused. 

di ;“lavior categories were scored on а checksheet 

ot ded into 15-sec blocks; multiple categories 

T curring within a block were numbered serially. 

а T Categories in Table 1 were scored for either 
mal in reaction to the other. 
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These categories appeared to account for all 
observed behavior from a monkey pair with three 
exceptions: (a) vocalization—chewing, gnashing of 
teeth, calls, and grunts; (b) self-directed and soli- 
tary behavior—exploration of cage and contents, 
eating, drinking, yawning, and self grooming; (c) 
Static behavior patterns—postural variations in 
sitting or walking. These exceptions had no clearly 
observable communicative value as judged by the 
lack of an immediate response by the pair mate. 

The behavior categories were defined as 
"attempts" without regard for the response elicited, 
So that all categories that occurred would be 
scored. For example, if one animal attempted to 
mount another, it was scored as a mount, whether 
the other monkey fled on being touched or stood 
and presented. 


RresurTS 


As previously noted, the observational 
data were first used to derive the interval 
scale of behaviors described below. The scale 
was then used to analyze the content of 
longer sequences of interaction. 

When adult monkeys were paired the re- 
lationship typically began with intense inter- 
action leading to establishment of a domi- 
nant-submissive relationship. This inter- 
action consisted of two types of sequence: 
(a) a two-step chain of behavior categories 
in which each animal produced only one 
category, and the two categories were pre- 
ceded and followed by at least 15 sec of no 
interaction; and (b) a long-step chain in 
Which three or more categories were pre- 
ceded and followed by at least 15 sec of no 
interaction. Tables 2 and 3 summarize the 
frequency distribution for 10 male-male 
pairings of these two types of chain sequences 
during a test session. There is a decrease in 
frequency of all sequences as the relation- 
ship progresses with an increase in the 
proportion of sequences scored as two-step 
chains (Table 3). Many such pairings were 
observed, suggesting that both animals were 
confused about their initial dominance-sub- 
mission relationship and, as Altmann (1962) 
has noted. each monkev acted to maximize 
his gains and minimize his losses. Thus, as 
one monkey gradually manifested dominance, 
he became the initiator of most interactions 
and tended to produce increasingly aggres- 
sive categories unless the subordinate animal 
mollified him with submissive response cate- 
gories, If he received Suitably submissive 


TABLE 3 


RELATIVE PROPORTION OF Two-SrEP CHAINS AND 
Lonc-Ster Снлїх5 tN EacH 3-MiN TIME 
BLOCK For 10 Mark PAIRS or TABLE 2 


Mean 


Successive 3-min intervals percentage 


1. Two-step chain 35 
Long-step chain 65 

2. Two-step chain 32 
Long-step chain 68 

3. Two-step chain 54 
Long-step chain 46 

4. Two-step chain 70 
Long-step chain 30 

5. step chain 65 
ep chain 35 

6. Two-step chain 60 
Long-step chain 40 

7. Two-step chain 80 
Long-step chain 20 

8. Two-step chain 12 
Long-step chain 20 

9. Two-step chain 80 
Long-step chain 20 
10. Two-step chain 82 
Long-step chain 18 


Note: Of all categories, 65% occurred as two-step chains. 
Data were derived from 3,618 behaviors. 


responses, the dominant animal then tended 
to produce less dominant or neutral cate- 
gories that would attract the subordinate 
animal closer and eventually lead to mutual 
grooming. The subordinate monkey appeared 
to be as aggressive as possible in his re- 
sponses short of eliciting aggression in re- 
turn. These conflicting motivations resulted 
in initial long-step chains of category se- 
quences as each animal sought a compromise 
in the relationship. With continued com- 
munication the subordinate monkey showed 
an increasingly restricted set of submissive 
responses to a behavior produced by the 
dominant; these responses appeared to be 
increasingly accurate opposites to a given 
dominance category, shutting off further 
categories from the dominant monkey. The 
result was a decrease in the number of long- 
step chains and an increase in two-step 
chains. These two-step chains could be de- 
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fined as a dominant stimulus category fol- 
lowed by a submissive response category 
which was an accurate opposite judgment as 
perceived by both monkeys. Therefore, the 
interval scale was constructed using only 
two-step chains since both animals “agreed” 
that one response in these chains was an 
accurate “opposite” to one stimulus category: 
Since long-step chains were also presumed to 
end only when the sum total of behavior 
categories from one animal was equal to and 
opposite that of the other, this second set of 
chains could later be used to establish the 
zero point of the scale. 

A total of 4,662 two-step chains were 
used to construct the scale with the Method 
of Successive Categories. For scaling, 
mounting and sexual mounting were con- 
sidered a single category, as were present- 
ing and sexual presenting. In addition, 
frown-threat and open-jawed threat ap- 
peared to be idiosyncratic to the given nion- 
key rather than the social context, so both 
were combined as the single category 
threaten. Since accurate interval scaling re- 
quired moderately large samples, categories 
that occurred fewer than 10 times in a 
grouping were not scaled. Accordingly, the 
categories head bob, bite, and slap ground 
were not scaled, and branch shake was scaled 
only for the two male-female groupings. 
Crouch and show neck could not be scaled 
for the male-male grouping. The final scale 
consisted of 17 behavior categories. 

The scale was computed by the method of 
Guilford (1954). For each index animal and 
his 10 pair mates a frequency response matrix 
was constructed, plotting the stimulus cate 
gories of each index monkey against the гё” 
sponse category of the pair mate “judge 
as found in fhe two-step chains. To be 
scaled, the behavior categories first had to 
be in correct rank-order, accomplished by 
transforming the frequency matrix to s 
cumulative proportion matrix. The cumu nf 
tive proportions were summed across Кр 
category rows, and the categories were к 
ordered according to these sums. The Cross 
ulative proportions were then summed а cate- 
all columns of categories and the sums 
gories rank ordered according to these 


b- 
E. dust - all st 
This rank-order was maintained for а 


INTERVAL SCALE OF RHESUS SOCIAL INTERACTION 


Sequent matrix analyses. If the categories 
are indeed scalable, their frequency distribu- 
tions should now cluster along a diagonal 
of the matrix (Torgerson, 1958). Figures 
1—4 show that the responses do fall on the 
diagonal for all matrices when the categories 
are correctly rank ordered. Because of its 
Social position, a single index animal fre- 
quently showed social interaction limited to 
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only one part of the category range. There- 
fore, the data from all three index monkeys 
of a given type of pairing were combined, 
and this matrix provided the basic com- 
putational data. Even when combined in 
this manner, the data for the 3 index females 
paired against 10 males covered only the 
lower portion of the frequency response 
matrix, while the data for the index males 
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paired against 10 females covered only the tween means. By assuming a normal dis- 
upper portion of the matrix. These were tribution and knowing what proportion of 
combined into a single matrix. Scaling was response judgments to a given stimulus 
thus carried out on three matrices: com- occurred in Category x and what proportion 
bined male-male, female-female, and male- occurred below Category x, one could com- 
female. pute the mean of Category v. For each data 

The categories were then scaled by finding point in the matrix a category mean was 
their respective means and the distance be- computed by the formula: 
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E. 2 Same category, and рь — f = proportion of 
Ёз = py judgments falling in a given category. 
In practice, the frequency matrix was 


in БЫШСА dacs d dum. converted to a proportion matrix and the 
H ү ч == : М . 
andard deviation units, yı = ordinate y ordinate for each proportion was taken 


т à unit normal distribution of a Siven from normal curve tables. These ordinates 
category taken as the lower limit of that were the yo values for the categories in 


category, у» = ordinate at upper limit of the whose row they appeared and also served as 


Where z, — a category mean value measured 
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the y, values for the categories in the row 
ranked immediately ahead. Using the above 
formula, an estimated category mean was 
obtained for a given category row from 
every data point in that row. All estimates 
of means for a given category were then 
summed and a mean of means derived. 
The difference between this overall mean for 
a given category and the mean of its 


TOP 
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neighboring category was defined as the final 
scale interval distance between these two 
categories. Such computations for all cate- 
gories produced an interval scale of the 
monkeys. 


, 


response categories of the "judge 
It was then necessary to find the category 
scale intervals for the stimulus behavior 
categories produced by the index monkeys. 
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These scales were found by the simple equa- 
tion 


So = Xp. 


where S, is the scale value of a given stim- 
ulus category, pe = proportion of stimuli in 
Response Category x, and с„ = scale value 
of Response Category x. The three resulting 
“raw” interval scales are given in Table 4. 

At this point the scales had no logical zero 
Point and each had a different standard de- 
Viation, They needed to be combined into a 
final common scale with a zero point and 
Standard deviation of 2.0. As previously 
noted, a basic hypothesis of this study was 
that the values of submissive responses 
Were equal to and opposite the values of 
stimulus categories. One might then arbitrar- 
ily add to each scale an appropriate constant 
that would give a value of zero to some mid- 
Scale category. One could set this zero point 
more accurately, however, by using the 
2,829 long-step chains obtained from the 
observation sessions, Analysis of behavioral 
interaction had earlier led to the hypothesis 
that long-step chains, as well as two-step 
Chains, were terminated only when the series 
of responses by the submissive monkey were 


TABLE 4 


RVALS DERIVED FROM 
-SrEP CHAINS 


Raw Scan 


Monkey pairs 


Male- 
Female 


Categories Male Female 
Attack 10.13 10.88 — 1444 
Hit 10.07 — 10.85 13.26 
Threaten 9.09 116 es 
ОЧ Ж „ог 
M e 7.18 9.16 
pare 6.96 098 813 
pace 6.08 6.01 712 
pranch shake _ 6.91 
Enore 408 — 487 — 573 
Г‹рзтаек 3.25 4.52 5.00 
Shok away 2:83 289 150 
Waly neck 273 401 
Gall pm 2.03 ae ae 
S. 9uc Я 3. 
(fesent L35 158 323 
7) Mace 33 47 КЕ 
i Tao 0.00 0.00 
Sb 338 — 367 411 
S Š 
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TABLE 5 


DERIVATION ОЕ FINAL ScaLe From NORMALIZED 
PAIR SCALES 


Monkey pairs 


Male- 


Categories Female Female M 


Male 


Attack 
it 
Threaten 
Mount 
Approach 
tare 
Pace 
Branch shake 
Ignore 


away 


Show neck 
Walk away 
Crouch 
Present 
Grimace 
Flee 


ients for the normalized 


е 
ale vs, male-female = „99, 


equal to and opposite the series of stimulus 
categories given by the dominant. If this 
hypothesis was correct, and if the intervals 
between categories derived from the two-step 
chain data were correct, then one should 
be able to substitute these interval values into 
the long-step chains and demonstrate that 
the sums of scale values of categories in all 
long-step chains in a particular animal group- 
ing were distributed about a single value, 
When this single value was made to approxi- 
mate zero by adding an appropriate constant 
to the scale, the scale itself would have a 
correct zero point. Accordingly, the category 
interval values for each scale were applied 
to the long-step chains obtained from that 
particular grouping. The sums of the chains 
were plotted and the zero point of the scale 
repeatedly adjusted until the greatest pro- 
portion of the frequency distribution of these 
sums deviated between + 2.0 and —20 
and the peak frequency was between 0 and 
—.5. Figure 5 (A, B, and C) shows the final 
distribution of all long-step chains about 
zero for each pair-type grouping when the 
appropriate zero point for the respective scale 
had been derived. The three scales with ap- 
propriate zero points were then converted 
by linear transformation to scales with a 
standard deviation of 2.0 (Table 5). То 
obtain a final scale, the three Scales were 
averaged, giving double weight to the scale 
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derived from the pooled male-female and 
female-male groupings. The resulting mean 
scale was again adjusted to yield a standard 
deviation of 2.0, and interval values were 
adjusted to the nearest .05. The internal 
consistency of the final scale (shown in 
Table 5) was checked by applying it to all 
2,829 long-step chains and plotting the fre- 
quency distribution of deviation scores ( Fig- 
ure 5D). Using this scale, the deviation 
Scores of 2,663 of 2,829 long-step chains 
(94%) fall between +2.0 and —2.0, with 881 
(31%) of all chains between 0 and —.5. 
The Pearson product-moment correlation co- 
efficient, calculated for the three scales as 
а check on the reliability of the scaling pro- 
cedure, ranged from .79 to .99 (Table 5). 
The final scale could now be used to ex- 
amine the time course of changing communi- 
cation between monkeys as their relation- 
ship developed. Continued observation of 
these adult monkey pairs revealed that once 
а stable dominance-submission relationship 
Was established, increasingly less communi- 
cation of a dominance-submission nature 
Was needed to maintain it. This change was 
analyzed by summing the scale values of all 
Categories produced by each animal at 45-sec 
intervals. This summed value was then used 
to place the monkey on the dominance-sub- 
Mission dimension. The 45-sec time unit 
Was used because that was inherent in the 
Method of deriving the scale. Long-step 
chains and two-step chains seldom take more 
than 15 sec to perform and, as defined, they 
have both preceding and following 15-sec 
intervals of no activity. Therefore, the time 
Unit for this scale was 45 sec, and this unit 
or multiples of it must be used to maintain 
Scale accuracy when plotting the temporal 
Course of pair relationships. It was assumed 
that the summed value of behavior cate- 
Sories at these intervals reflected each mon- 
S€y's assessment of where he stood in rela- 
tion to the other monkey on the dominance— 
Submission dimension. 
Figures 6-9 show typical relationships 
Sstablished for four types of rhesus pairings. 
"igure 6 demonstrates the relationship be- 
tween the alpha and beta males of the male 
Sroup, The top graph plots each monkey on 
le dominance-submission dimension and 


shows that for the first 18 min both animals 
demonstrated marked dominant behavior ; in 
fact, they engaged in a fight lasting almost 
2 min, after which the beta male gave up and 
began showing submissive behavior. From 
this point the plot of the submissive animal's 
behavior is virtually a mirror image to that 
of the dominant. The bottom graph repre- 
sents the arithmetic sum of the scaled be- 
havior of both animals and plots the devia- 
tion of one animal's score against the other. 
It clearly distinguishes between the first 
18 min of the pairing when the tension level 
and fighting were high, and the period after 
the last fight when a dominance-submission 
relationship was set up. The upper graphs of 
Figures 7 and 8 show the rapid onset of a 
dominance-submission relationship for a 
high-rank and a low-rank male, and a high- 
and a middle-rank female, respectively. Both 
graphs demonstrate a gradual decrease in 
intensity and frequency of dominance and 
submission categories, and animals in both 
pairs appeared to act in such a way that 
their behavior approached zero or neutrality 
on the dominance-submission dimension. 
This process was accelerated when the alpha 
male was paired with an estrous adult female 
(Figure 9). In all three pairings, the animals 
reached a point at which positive advances 
leading to grooming took place. The lower 
graphs in Figures 7, 8, and 9 show that the 
momentary behavior category sums mildly 
fluctuated about zero. Here, reduction in 
frequency of dominance categories by one 
monkey was clearly matched by a corre- 
sponding decrease in submission categories 
by its pair mate. These graphs generally 
typify the temporal course of social relations 
in all adult pairs observed. 

As the dominance-submission relationship 
was maintained at a lowered intensity, the 
frequency of long-step chains often in- 
creased which, this time, appeared to bring 
the animals together. The end result of a 
series of these long-step chains was the initi- 
ation of mounting and presenting episodes 
accompanied by grooming. In male-male 
pairings these mounting-presenting se- 
quences often occurred reciprocally, with the 
dominant male initiating a se 
senting. In male-female p 


equence by pre- 
«rings when the 
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females were in estrus, sexual mounting and 
presenting sequences generally led to intro- 
mission and ejaculation by the male. In 
female-female pairings, mounting—present- 
ing sequences were infrequent and appeared 
to be replaced by sequences in which one 
animal would approach the other and crouch 
or show neck, apparently inviting grooming. 

The long-step chains which preceded all 
of these events must have contributed to 
establishing these positive bonds. Since the 
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chains were made up of the same behavior 
categories which could be aligned along 
the aggression-fear continuum implicit in 
the interval scale, there must have been 
something different in the internal content 
of the chains which decreased communica- 
tion of aggression or fear and enhanced 
social closeness. Similarly, since the be- 
havior of each monkey approached a low 
level оп the dominance-submission dimen- 
sion just before grooming or other positive 
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bonding activity, there must be a zone of 
“friendliness” in this dimension that could 
be quantitatively defined. Thus, the long- 
Step chains were collected and analyzed both 
to determine the broad motivational states 
that they appeared to communicate and to 
aid in defining the zone limits on the domi- 
nance-submission dimension within which a 
monkey might communicate positive affect. 
In the following analysis all long-step chains 
were classified using the previously derived 
rating scale to determine the internal makeup 
Which made some chains appear to express 
dominance or submission and others, friend- 
liness. The summed interval scale values for 
different types of chains were then used to 
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define a friendliness zone on the dominance- 
submission dimension. 

It should be noted that a basic hypothesis 
of this study was that a long-step chain, 
as well as a two-step chain, did not usually 
terminate until the behavior sequence for one 
animal in the chain became the quantitative 
reciprocal of the sequence of the other, As 
previously shown, this appeared to be sta- 
tistically true in that the categories of all 
chains could be summed and their sums 
grouped around zero. This implied that 
what was important in comparing one chain 
with another was not the internal serial order 
of categories making up the chain, but the 
sum of categories made by one animal versus 


SUBMISSION -8- 


104 
54 
DEVIATION 
SCORE 
0 ur 
"— 


MINUTES 


FIRST AND LOW RANK MALES 


i i i abli for first- and low-rank males, 
TIGURE ypical relationships established ie 
ы А 6 caption for explanation of upper and lower graphs, ) 


138 


the sum of those made by the other. Thus, 
regardless of serial order, chains that had 
identical category components were con- 
sidered identical. Category components per- 
formed by one animal were considered as 
a group making up one half of a chain, 
separate from those performed by the other 
animal. These half-chains were then ex- 
amined and classified according to where 
their category components fell on the interval 
scale. 

Previous studies have commented on the 
fact that grooming appears to induce relaxa- 
tion, decrease aggression, and promote social 
affinity (Altmann, 1962; Hinde & Rowell, 
1962; Sade, 1965). Therefore, as a second 
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means of determining the zone of friendliness 
on the dominance-submission dimension, all 
"bouts" of grooming in all pairs were ex- 
amined. The definition of a bout is taken 
from Sade (1965) in which the groomer 
slides, scrapes, and picks at the fur of the 
other monkey but these motor patterns may 
be interrupted during a single bout by sitting. 
looking around, scratching and, frequently m 
this study, mount-present two-step chains. 
Long-step chains occurring during groommg 
bouts or that preceded or followed such bouts 
by less than 1.5 min were separately tab- 
ulated and arbitrarily defined as signifying 
friendliness. 

A total of 2,829 long-step chains occurred 
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in 872 types of sequence. When the cate- 
gories of one animal were grouped together 
in a half-chain separate from those performed 
by the other animal, all half-chains could be 
classified in one of four groups. (a) Domi- 
nant: The categories in the half-chain were 
all dominant, that is, had positive scale 
Values. (b) Subdominant: The half-chain 
Consisted of very dominant categories and a 
single, mildly submissive category (a cate- 
gory with a negative scale value). The sum 
of these categories always exceeded + 1.0 
Scale unit. (c) Friendly: The half-chain 
consisted of an even mixture of dominant 
and submissive categories. The set of sums 
for such chains had a mean of zero. (d) 
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Submissive: The categories in ће half-chain 
were all submissive ones, that is, had nega- 
tive scale values. 

These half-chains were found to occur as 
five combinations, or classes, of long-step 
chains. (a) Dominant-subdominant: The 
categories of the dominant pair mate were all 
very dominant ; those of the submissive pair 
mate were also very dominant but included a 
submissive category, for example, hit, threat, 
pace-threat, pace, look away. ( b) Dominant- 
submissive: The categories of the dominant 
monkey were all dominant, those of the sub- 
missive monkey all submissive, for example, 
threat, approach-grimace, walk away. (c) 
Dominant-friendly: The categories of the 
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TABLE 6 
CLASSIFICATION OF FREQUENTLY OBSERVED BEHAVIORAL CHAINS 


Monkey pairings 


Dominant Submissive —— Dominant Б: jf Total 
behavior behavior m/m f/f f/m m/f Total behavior m/m ff f/m m/ 
Dominant, submissive chains* Friendly, friendly chains? 
~ attack = Kinet fe – — 3 p mount, stare approach, walk away, $ - d D 
attack, threa' grimace, flee жн ша ЖЯ 9 present = 9 
threat look away, walk away — — Б — 6 mount, look away approach, walk away, Ж 1 12 
threat Hired look away, _ i ^ гона р E 1 ! i в B 
: away — 7 = approach, presen 3 
threat lipsmack, grimace = A * 7 mw ыа ch, look away s 
threat walk away, grimace y 2 + d 94 present B qoem 
threat, approach walk away, grimace 1 — 9 13 23 approach, present 
threat, approach flee 1 2 T 3 12 f 7 
threat, approach grimace, flee в 1 1 2 28 away ajo di d 
threat, stare walk away, grimace 1 — 7 3 Il | mount, stare, approach a «Oe 
threat, pace walk away, grimace г = 8 3 dg n е present, uae uem des ы 
threat, pace grimace, flee Ж oct ss | s 
threat, lipsmack look away, walk away | — — 7 — 7 m 17 
threat, approach grimace, flee show neck — ám 7 
stare : 1 — 3 2 6 | mount, approach, stare, present, 
рат р врат, grimace, flee коо " pace, lipsmaek, present 
stare, И = um f E lipsmack, walk 
mount lipsmack, present 30 — 4 — 2 18 ^A á ш = foi б 
|. mount walk away, present 6 2 — — 8 approach, look ignore x 10 
mount, approach walk away, present 10 19 1 2 38 away | =  ® $ 
.. mount, approach crouch, present me ^ UM GR T approach, look stare, lipsmack 6 
mount, approach present, present. > © s F 25 ‘away.’ - - 6 | 
Шош, арргоаеһ, present, present. 2 SY 3 " approach, look stare, look away б 25 20 и 
еф ə 2 - 21 2 
approach lipsmack,look away — 8 1 4 13 дену stare, walk away 2 
XS х ишо present — E T — 8 ay 7 = 6 413 1 = 
approach, sta ook away, walk away == 4 E = 9 a d k are, erouch 
approach, stare look away, erouch c Lx 2 i айе, 106 анон = pom 5 
Кад, Ы mele away, present = § 1 $ $ | approach, ook stare, present гаа 8 4 
‚5а g — x J 4 enis 2 
approach, stare palk away, ain 1 $$ [ой | approach walk ignore a jg i 
= approach, stare lee 5 7 awa = — 9 r 
approach, stare perse look away, iod " approach, walk stare, lipsmack 2 46 d 25 
; wal А =æ = away = E 
|». approach, stare, walk away, grimace x 90 T approach, walk stare, look away ава 33 
pace um sinat Li away — 
(o gem pma look away — 19 80 во 103 approach show stare, look away a # P 
stare ipsmack, show neck = 3 б neck = 4 1 2 
A stare lipsmaek, crouch Ет a 1 6 | approach, show stare, crouch ; 4 
stare, pace grimace . 1 neck m E 59 
stare, pace walk away, grimace $=- 3 1 B approach, crouch ignore, — 3 2 dg 
approach, crouch re, lipsm — 2 7 = ай 
ni 9 r'dliainsh approach, erouch stare, look away — = G 26 s 
Dominant/friendly chains И 
approach, crouch stare, walk away - е i1 d wf 
: " ШЕ approach, present ignore — 3 7 i "m 
mount approach, present. i Boas á- g approach, present stare, look away 18 54 66 9 
|. mount, stare арргоа n mes " е "e 1 approach, present stare, show neck - 1 2 b 31 
М stare mL ш HM 5 3% | approach, present stare, walk away = au 7 8 3 
stare БЕЕК ПЕ: = Ч = 5 db | approach, present stare, erouch = Шок US qi 
erate a er h. ero hh аў 6 19 2 28 approach, present, stare, present — 3 10 
* тоге pA d еа Е i 2 1 12 approach, lip- stare, look away " 9 
ы р em i 1 2 smack, erouch И - q = i 
T 25 e БЕ J E eh, lip- 4 k away 9 
branch shake stare, look away Н zs woods gb ug зн v pli <== @ Йй 
-— approach, pace, stare, look away, 
Friendly /submissive chaiuse lipsmack, look'away go 
" = stare, lipsmack, 
mount, lipsmaek present ї = ie " $ 
Шой, lipenask ретше, present SS oie d Шиа шо ша c @ d 
approach, walk look away ^ A i к шт d © wd 
(nes ME X stare, lipsmack $a od 
approach, walk present FO 3 786 | sare: lipoma kamiy, == 4 в 
ay c @ _ | stare, look aw , look. А 13 g 
approach, crouch look y 1 2 9 Н si SS ES а 4 K 
approach’ present оок away ® 4“ Ox dg odes - 8 17 
пон. stare, look away, walk away s Е k 40 
ipsmack - "m 2 10 — 12 stare, look away " " 9 1 
approach, stare, look away, walk away б 
„асе Пена yg ogg | Sre look away SAT. _ ou Ft ү 
Stare, upsmac! k e б > " 
stare, lipsmack ре кА Z 1 % Iĝ 37 | stare, look away stare, pace, ртс Le б> ap 1 
| stare, lipsmack lipsmaek, look away <i Ш D present 1 
| stare, lipsmack lipsmack, walk a = 6 — 6 
| stare, present. look away = 1 4 2 7 
aint 
„ Por dach chat ef ae Р = mo. ,829 chal, 
D prc и газваи the dominant monkey, then all behaviors of the submissive monkey: 1,508 of 2.82 irine" 


m y 99/372 sequence types (11%); m/m = a rs, ЇЇ = female female 1 
f/m = female- male pairings, and m/i = male-female ape 0 %); m/m = male-male pairings, !/ 


a Thirty-six types occurred more than five times (» = 545) D 
b Nine types occurred more than five times (п = 167). 
e Thirteen types occurred more than five times (и 170). 

d Forty-one types occurred more than five times (2 = 716), 
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TABLE 7 
DISTRIBUTION OF LONG-STEP CHAINS FROM ALL PAIRINGS 
i Distribution of chains across classes 
Chain d m-m im m-f меа 
class (N =2,829) (NV =300) (N =987) (N —1.093) value SD 
Dominant- 3.55 5 
p Subdominant $ 10 1% ~~ 3 - D E 
опипапі ~ T z 1 Ч > 2-8 5 
submissive 219 872 56% Mc 28! 27% = 201 Es 
ominant— - " . s i Ei 
. friendly 70 260 10% 13% иж 5% В. PH E 
“riendly— - е x > `7 x 
submissive 127 324 1857 ut 10% 10% E id 
"riendly— Е = РЯ м " 4s 3 
friendly 450 1,363 15% 4% 503% 58% -33 38 


Note, m =male, f «female. 


dominant animal were all dominant; those 
ОЁ the submissive animal were a mixture of 
dominant and submissive types, for example, 
approach, stare, pace-stare, lipsmack, walk 
away, (d) Friendly-submissive: The cate- 
Sories of the dominant animal were a mix- 
ture of dominant and submissive, those oí the 
Submissive monkey all submissive, for ex- 
ample, approach, present-look away, grim- 
асе. (e) Friendly-friendly : The categories of 
both the dominant and submissive animals 
Were a mixture of dominant and submissive 
lypes, for example, approach, present-stare, 
look away. 

The dominant-submissive and friendly— 
friendly chains occurred most commonly, 
*ccounting for 2,235 of the 2,829 chains. 

hose chains in each class that were ob- 
Served more than five times are cataloged in 
“able 6, Only 10 chains were of the dom- 
Mant-subdominant class (Class 1), none of 
them occurring more than five times, so 

able 6 shows chains only from Classes 
2-5. The distribution of all long-step chains 
Across classes, the number of chain sequence 
types of each class, and the percentage of 
chains from each class which occurred in a 
Particular type of pairing are summarized in 
able 7, Table 7 also shows the mean and 
andard deviation of the summed scale 
Values for all half-chains in a particular class. 
9mbining all "friendly" half-chains in all 
asses yielded a mean of —.04 and a 
‘dard deviation of 1.05. 
ing toe chains ап 2 га 
te were grouped by the ty] pa 

S in which they occurred, and results of 


St 


St 


analysis are shown in Table 8, The scale 
value for each half of a long-step chain was 
computed for all chains occurring during 
such bouts. As can be seen from Table 8, 
the scale values of various friendly half- 
chains ranged from a mean of 1.17 to — 1.19 
on the dominance-submission dimension. 


Discussion 


An interval scale has been constructed of 
17 categories occurring spontaneously be- 
tween 120 pairs of adult rhesus monkeys. 
It should be noted that some categories 
occurring around the middle of the scale are 
probably underreported since it is hard to 
tell if two monkeys are mutually ignoring 
one another, or one is ignoring and the other 
looking away, or both are looking away, as 
defined above. Occurrences were recorded 
only when it seemed obvious that the animal 
was actively ignoring, as in brief breaks in 
fighting or threat episodes. Since the peak 
frequencies of ignore and look away are 
well localized, however, this underreporting 
probably has little effect on the final scale 
values. The infrequent use of the category 
head bob in all pairings leads to speculation 
that its main function is to get the attention 
of a monkey some distance away who could 
not see a smaller physical gesture. Branch 
shaking appeared to be primarily a tension. 
relieving activity; it occurred before а close 
relationship had been established between 
pair mates, was generally done while facing 
away from the pair mate, and usually caused 
the pair mate to look rapidly from the per- 
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former to the distant spot that the performer 
was facing. Similarly, the category pace was 
often ignored or the other animal looked 
away, and one might infer that by itself it 
communicated heightened tension in the 
performer that might or might not be 
directed to the pair mate. 

On occasion a submissive monkey used 
grimace as a general response to several 
dominance categories which elicited a variety 
of responses from other monkeys. Such bias- 
ing of the data by the response of an indi- 
vidual monkey was minimized by using a 
large number of different pairs of monkeys 
as subjects and by collecting large numbers 
of two-step chains. In human psychophysical 
scaling experiments the experimenter can 
control the number of presentations of each 
stimulus to each subject and thus generally 
insure that every subject is exposed to the 
same number of stimuli. No such control was 
possible in this study. However, most pairs 
soon established a stable dominance-sub- 
mission relationship and went on to develop 
evidence of affectional bonds as demonstrated 
by sexual activity and mutual grooming. 
Thus, the "responding" monkey in most 
pairs was exposed to a range of behavioral 
stimuli, though not a balanced number of 
them. Hopefully, this lack of control was 
compensated for by the large number of 
subjects yielding large data samples. 

In constructing the scale, the validity of 
comparisons across relationships rests on 
the assumption that the observed social inter- 
actions between pairs of monkeys were 
accurate samples of general social relation- 
ships in this species; this same assumption 
would be needed to use the scale on other 
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captive or wild rhesus populations. Many 
monkeys who are captive for long periods 
develop stereotyped motor patterns, apathy, 
and withdrawal. Though all animals in this 
study were screened to rule out these devia- 
tions, one could not claim that they were 
representative of the wild population. How- 
ever, the communicative meaning of their 
behavior categories is representative of those 
iound in wild rhesus since, being at least 
2 years old when captured, they had learned 
their repertoire in the wild. 'The scale values 
were dependent for their derivation on the 
relationship between pairs of categories— Oo" 
the communicated meaning of them—anc 
not on an absolute frequency or environ- 
mental context. Thus, the communicative 
value of these categories is the same 1 
either the captive or wild state, so this scale 
should be useful for studying all rhesus 
populations. 

Almost all the common statistical pro^ 
cedures may be applied to these interval scale 
values including the mean, standard devia- 
tion, Pearson product-moment r and other 
statistics. depending on these values. The 
coefficient of variation is the only commo"? 
statistic that cannot be computed as it T€ 
quires a ratio scale with an absolute zero 
point. Apart from these considerations, the 
usefulness of such a scale depends on its 
empirical validity and consistency as well as 


the ease with which it brings coherence t°: 


data as diverse as discrete behavior cate- 
gories, There were 872 combinations of cate- 
gories observed as long-step chains. Whe? 
the scale category values derived from — 
step chains were applied to these long-stél 
chains, the chain scores were distribute 
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Loxc-SrEP CHAINS ASSOCIATED with GROOMING BOUTS 


Mean scale value 


Type of Grooming Baliavforat Dominant —— Submissive — 
pairing bouts CRAIE animal animal Em 
Male-males 47 157 m 1 17 Е = 1.19 
Female-females 102 406 94 =496 
Male-females 33 314 ET 9 
Female males 34 218 43 ul 
Overall mean 69 D 
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about a single modal point (Figure 5). This 
appeared to be the best test for consistency of 
the category intervals within the scale. Fur- 
ther empirical validity can be gained by 
noting that as now derived, those pairs of 
categories which from observation give peak 
modal distributions (Figures 1-4) have, as 
expected, nearly equal and opposite scale 
values, for example, mount-present, stare- 
look away, or approach-xealk away. 

Several technical points should be men- 
tioned about using this scale. A situation fre- 
quently arises in which, for example, one 
Monkey approaches the other, who presents; 
the approaching monkey then mounts the 
other monkey, who continues to present. 
It is important to record the presenting 
activity twice. These four behaviors would 
then be a long-step chain: approach, mount— 
Present, present. In general, for every be- 
havior that one monkey performs, a response 
by the partner must also be scored except, 
ОЁ course, for the last behavior in a chain. 

There is an unsatisfactory dichotomy in 
the submissive portion of the scale between 
walk away and flee in that these two cate- 
Sories represent extremes of a motor activity 
Continuum and frequently monkeys use 
another portion of the continuum-trotting 
away, jumping away, etc. I arbitrarily 
Scored everything short of panicked flight 
as walking away. If the scale were to be 
Applied to animals moving in a larger en- 
Vironment, “middle range” flight categories 
Would need to be defined and inserted. 
More generally, a factor accounting for 
Varying distances separating communicating 
Monkeys may need to be defined and applied 
to these scale values when used on widely 
tanging populations. 

When the scale was used to analyze the 
Observed long-step chains, each chain could 
2€ placed in one of five classes based on the 
lypes of categories seen. Eighty percent of 
all chains fel] in either а dominance-sub- 
Mission class in which the behavior cate- 
Rories of one animal mirrored those of the 
other and together summed approximately 
Zero, or a friendly-friendly class in which 
“ach animal mixed dominant and submissive 
“ategories in such a way as to place himself 
“lose to zero, The distribution of these two 


143 


classes of chains was clearly not uniform 
within a group of pairings and differed across 
groups. Table 7 shows that 56% of all 
chains occurring in male-male pairings were 
of the dominance-submission class and thus 
involved in establishing or maintaining a 
dominance-submission relationship, whereas 
only about one third of long-step chains 
occurring in other types of pairings were of 
this class. Conversely, 44 to 5896 of chains 
in the two male-female and the female- 
female groups were of the friendly—friendly 
class and thus involved in establishing posi- 
tive social bonds, whereas only 15% of chains 
in male-male pairings were devoted to this 
class, 

The dominant-friendly and friendly-sub- 
missive classes appeared to be less frequent 
interactions in which the submissive animal 
either underreacted or overreacted, respec- 
tively, to behavior categories from the domi- 
nant monkey. As can be seen in Table 7, 
in the dominant-friendly class, the dominant 
half was frequently a single behavior of low 
ranking value on the scale. A friendly rather 
than submissive response by the submissive 
monkey perhaps represented uncertainty as 
to what his response should have been, or 
an attempt to “push” the relationship toward 
increasing positive social bonding. The sub- 
missive halves of friendly-submissive chains 
were, similarly, low levels of submission. 
This submissive reaction perhaps repre- 
sented passivity and nonacceptance of a 
positive social advance, or reflected the 
immediate social context more than other 
classes of chains. Eighteen percent of chains 
in pairings between males were of this 
friendly-submissive class, compared with 
10% of chains in other pairing groups. As 
previously noted, most behavior in male- 
male pairings occurred in a dominance- 
submission context which might increase the 
probability of overreacting. 

The classification clearly demonstrated 
that any monkey, whether the dominant or 
the submissive pair mate, communicated 
friendliness to the other by "mixing" dom- 
inant and submissive categories in close tem- 
poral sequence within a chain. Such mixing 
accounted for most of the richness within 
the social relationship. Dy mixing categories, 
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either animal could approach the other with- 
out causing the other to either attack or flee. 
The significance of this was clear when one 
noted that in 1,098 of 1,363 (80%) friendly— 
friendly chains, one monkey initiated the 
chain by approaching the other. 

As shown in Figures 6-9 immediately pre- 
ceding the onset of grooming the dominant 
animal often produced a long-step chain in 
which submissive categories predominated. 
If one assumed that long-step chains occur- 
ring around the time of grooming must be 
made up of predominantly friendly classes 
of chains, then the range of scale values from 
1.17 to — 1.19 on the dominance-submission 
dimension, obtained for chains from all 
grooming bouts, must roughly define the 
limits of a zone of "friendliness" on this 
dimension. One could corroborate and refine 
this estimate by calculating the mean and 
standard deviation of summed interval scale 
values for each half of all chains in all classes. 
These values are shown in Table 8. The 
mean value of all friendly half-chains was 
—.04 with a standard deviation of 1.05. 
Since, assuming a normal distribution, 95% 
of all friendly half-chains should be within 
two standard deviations of this mean, one 
could define a "zone of friendliness" from 
+ 2.06 to — 2.06 on the dominance-sub- 
mission dimension which should include 
almost all half-chains which could be con- 
strued as friendly. On the other hand, the 
mean of the dominant halves of all dominant— 
submissive chains was 2.81 with a standard 
deviation of 1.35. Therefore, a series of be- 
havior categories whose overall half-chain 
value was 1.50 on the dimension could imply 
almost equally either a dominant or friendly 
overall attitude to the submissive animal. 
Indeed, in those cases where the submissive 
animal gave a friendly response to a domi- 
nant type of category from the dominant 
animal (dominant-friendly class), rather 
than a submissive response, the mean of 
sums of these dominant categories was found 
to be 1.46. One might thus infer that there 
is a region of ambiguity from about 1.00 to 
2.06 on the dimension. Category sequences 
whose sum values fell in this value range may 
or may not signify friendliness. For pur- 
poses of analysis of pair relationships, then, 
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a zone of friendliness will be defined here 
as extending from 1.50 to — 1.50 on the 
dominance-submission dimension. This limit 
represented 1.5 standard deviations from the 
mean value of all “friendly” halves of the 
chains, and thus included 85% of all friendly 
behavior sequences, while excluding 66% of 
behavior sequences which could be inter- 
preted as expressing dominance. 

Added indicators consistent with these 
zone limits could be found when one con- 
sidered the amount of difference between а 
dominant and a submissive category tolerated 
by the dominant animal without appearing 
to elicit further categories on his part. It 
was obvious that the dominant monkey 
would tolerate some underresponding to his 
dominance behavior, but beyond a certain 
point he would “push” the issue further and 
make another dominance behavior. If one 
applied the scale values to the basic data 
matrices, the greatest tolerated discrepancy, 
short of causing the dominant animal to initi- 
ate another response which changed a two- 
step to a long-step chain, was found in the 
boundary categories of a response distribu- 
tion. For two-step chains, the discrepancies 
between mount-walk away, approach-look 
away, stare-ignore, and pace-ignore were 
.35, 55, 70 and 45, respectively. Roughly, 
then, the tolerated discrepancy appeared to 
be about .50. Similar examination of the 
sums of all long-step chains as they were 
distributed about zero in Figure 5D permits 
an estimate of this tolerance from the dis- 
tribution of the positive portion of deviation 
scores. Here, 75% of chains deviated by 
1.00 or less and 90% of all chains were 
within 1.5 scale units of zero. One might 
infer that rhesus monkeys have difficulty 
discriminating aggression expressed by be- 
havior less than 1.0 unit from zero. As "e 
moves further up the scale this discrimina 
difference probably gets smaller. Tolerance 
of this magnitude might explain the anes 
gap in the scale from zero to the first real 7 
dominant, pair-mate-directed behavior о 
gory, stare. The intervening catego 
branch shake and pace, as previously note 
а : іса i 1 alertness: 
appear to communicate tension and is 
which might or might not be directed to pe 
other monkey. Finally, the deviation sco 
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graphs of individual pairings as exemplified 
in Figures 6-9 show that deviations above 
zero seldom exceed 1.0 to 1.5 units. One can 
thus infer that the dominant animal tolerated 
behavior category sequences on the part of 
the submissive animal which deviated by 
as much as 1.5 units on the dominance-sub- 
mission dimension without arousal of fur- 
ther dominance responses. There thus ap- 
peared to be a zone from 0 to about 1.5 
Scale units in which a submissive animal 
could behave in a friendly manner, mixing 
dominant and submissive categories, without 
being misinterpreted. 

The extent of the friendly zone on the 
submissive side of the dimension depended 
on its extent on the dominant side. As noted 
above, monkeys maximize their gains and 
minimize their losses: Submissive monkeys 
respond to a friendly sequence with as little 
Submission as possible. On the other hand, 
the values of submissive categories in the 
friendly “mixed” response of the submissive 


animal had to equal the values of dominance 
in the dominant animal's friendly “mix.” 
Therefore, the negative limit of the friendly 
zone had to be as great as the positive ex- 
tent. 

A zone of friendliness from 1.5 to —1.5 on 
the dominance-submission dimension could 
be applied to analysis of individual pair 
relationships as in Figure 10. This figure 
shows that the temporal course of a pair 
relationship could now be broken into seg- 
ments based on the predominant occurrence 
of a particular class of long-step chains. It 
shows the relationship, as it was established 
over one 90-min session, between an 11.3-kg 
dominant male about 8 years old and a 10.6- 
kg subdominant male about 6 years old, both 
of which had been in captivity less than 3 
months. The behavioral responses of this 
pair were not obviously different from those 
of the population of longer-term captive 
monkeys used to establish the interval scale. 
Following an initial 2.5-min period of fight- 
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Ficure 10. Upper graph: Summed behavior categories of the dominant animal are plotted 
at 45-sec intervals as a solid line on the dominance-submission dimension, those of the sub- 
missive monkey as a dotted line. (Temporal sequences of classes of chains: D/SD = dominant/ 
subdominant, D/S = dominant/submissive, F/F = friendly/friendly, D/F = dominant/friendly, 
F/S = friendly/submissive. Black bars indicate grooming bouts. Single points plotted from 
72 min indicate mount-present sequences.) Lower graph: Deviation score is the arithmetic sum 
of behavior categories of both monkeys at 45-sec intervals and reflects the degree to which the 
behavior of the submissive monkey is equal and opposite in sign (appropriately submissive) to 


the dominant. 
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ing combined with chains of the dominant- 
subdominant class, the dominance-submis- 
sion relationship was established and the 
next 17 min were spent in intense but slowly 
waning chains of the dominance-submission 
class. A short period of the friendly-friendly 
class of chains was followed by a short, in- 
tense period of the dominance-submission 
class. This sequence was repeated again but 
the last period of chains of the dominance- 
submission class was increasingly inter- 
spersed with intervals of no interaction. The 
last 40 min of the 90-min session were spent 
on the friendly—friendly class of chains lead- 
ing to grooming. The 20-min bout of groom- 
ing was repeatedly punctuated with brief 
mount-present two-step chains characteristic 
of grooming episodes between males. 

The behavior category mount has a scale 
value of 1.70, falling in the ambiguous region 
of friendliness and dominance on the domi- 
ance-submission dimension, so it seems pos- 
sible that the prevalence of this behavior in 
all pairings may have a dual use. Many 
submissive monkeys grimace and flee when 
the dominant monkey first attempts to mount 
them, clearly demonstrating the dominance 
value of such mounting attempts. However, 
other studies have commented on the value 
of the mount-present activity in cementing 
a positive social bond (Altmann, 1962; Car- 
penter, 1964; Chance, 1956; Hinde & 
Rowell, 1962). In this study no dominant 
animal showed an attack, a hit, or a threat 
to the pair mate once a series of mountings 
had occurred between pair mates. Mounting 
may thus be a means by which an animal 
engages in friendly social activity while 
maintaining his "prestige" within the group, 
as defined by Carpenter (1964) : “the perse- 
veration of the effects of previous condition- 
ing of an individual and of the reactions of 
other individuals to him without his showing 
behavior which would secure his dominance 
status" (p. 350). 

This catalog of long-step chains also per- 
mits examination of frequently used category 
combinations. One common category se- 
quence deserves comment. The very domi- 
nant sequence approach, stare, pace occurred 
46 times in combination with various sub- 
missive responses and was by far the most 
common three-category combination. Simply 
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adding lipsmack (approach, stare, pace, lip- 
smack) to the dominant side accounted for 
35 more chains, but now the submissive 
animal saw this grouping as much less dom- 
inant—out of proportion to the scale value 
of lipsmack. Eighteen responses (5076) to 
this half-chain were of the friendly type. The 
addition of one more submissive category to 
this sequence made a very friendly sequence 
which was particularly used by males to 
approach an estrous female. The sequence 
approach, stare, pace, lipsmack, walk away 
was seen 20 times, while the sequence 
approach, stare, pace, lipsmack, present was 
seen 21 times, all occurring in male-female 
pairings. Eighty-five percent of responses 
by females to these two sequences were of 
the friendly type, though the summed scale 
value of these half-chain sequences was still 
.90 to 1.10 on the dominance-submission 
dimension. Observations such as these, show- 
ing the effects of adding one more category 
to a sequence, coupled with the above men- 
tioned ambiguity in the meaning of singly 
emitted categories such as mount, approach, 
and stare whose scale values fall between 
1.00 and 2.00, support the idea that the mon- 
key must produce a complex series of be- 
havior categories, at least initially, to com- 
municate with any precision in this range of 
the dominance-submission dimension, Only 
after a relationship is well established and 
ongoing in a mutally understood context do 
two-step chains acquire the necessary com- 
municative precision. 

Not all within-group populations could be 
considered completely homogeneous in this 
study because some female pairings involve 
estrous females, and relationships in these 
pairings were different than in nonestrous 
ones. In 20 of 60 female-female pair sessions 
one female was in estrus, and in two more 
sessions both pair mates were, In the 60 
female-male pairings where the females were 
index animals, the dominant- and low-ra"" 
females were in estrus in seven pairings anc 
the middle-rank female in estrus in д 
pairings. In the 60 male-female pum 
Where males were the index animals, po 
females were in estrus when paired with wá 
dominant male and nine were in estrus € г 
paired with both the middle- and lower 
males, Thus, approximately one third of 4 
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male-female pairings (41 of 120) involved 
estrous females, These two subgroups, non- 
estrous female-male and estrous female- 
male pairs, provided behavioral data for 
study of the effect of estrus on positive social 
bonds. Carpenter (1964) has reported that 
the estrous female keeps approaching males 
until they respond adequately, that such ap- 
proaches are met with initial resistance to 
close association, and that the male may 
repeatedly attack her. He noted that non- 
estrous females withdraw when the male 
approaches, whereas the estrous female ad- 
vances. Data from the present study pro- 
vided an opportunity to quantitatively cor- 
roborate this analysis. All instances were 
recorded when the female was attacked or 
threatened, when she approached the male, 
and when mount-present sequences occurred. 
The length of all grooming episodes was 
measured, Contrary to Carpenter’s report, 
the mean number of occurrences of attacks 
and threats by males on females рег half- 
hour session was slightly lower for estrous 
than for nonestrous female-paired sessions 
respectively (.50 vs. 75 and 3.40. vs. 5.00). 
However, the mean number of approaches to 
a male in each session by estrous females 
was increased (12.70 vs. 6.50), the mean 
time of mutual grooming episodes was three 
times as long in estrous female-male pair- 
ings (10 min уз. 3 min), and the mean num- 
ber of mount-present sequences per session 
was twice as frequent (6.00 vs. 3.00). These 
differences indicate the important role that 
estrus plays in promoting positive male- 
female social relationships. 

Several studies report frequent observa- 
tions of monkeys sniffing objects and other 
monkeys in various contexts, but no specific 
conclusions have been drawn regarding their 
importance (Altmann, 1962; Hinde & 
Rowell, 1962). In the present study, when 
males and females unfamiliar to each other 
were introduced in close proximity sniffing 
was a very obvious, immediate, and uni- 
versal behavior pattern shown by the male. 
When the male first approached, females 
invariably presented and the male advanced, 
sniffing and closely inspecting the female's 
Perineum, If the female was in estrus the 
male immediately demonstrated friendly 
Chain sequences, whereas if she was not he 
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walked away and ignored her further be- 
havior. Michael and his colleagues (Michael 
& Keverne, 1968; Michael, Keverne, & 
Bonsall, 1972) demonstrated that anosmic 
rhesus males do not respond sexually to fe- 
males receiving intravaginal estrogen, and 
that short-chain aliphatic acids in the vaginal 
secretions of estrous females are responsible 
for stimulating sexual behavior in males. 
From the differences noted above in the ap- 
proach behavior, grooming, and frequency 
of friendly behavior chains for males paired 
with estrous females, it seems clear that 
pheromones are responsible for changes in 
the relationship which are much more gen- 
eralized than simple male sexual arousal. 
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SUMMARY 


Studies employing response prevention (RP) are reviewed. Considering as- 
sessment difficulties and conflicting findings, it is questionable whether RP actually 
reduces fear to a conditioned stimulus (CS), This study measured fear after RP via 
a conditioned emotional response (CER) paradigm. Hypotheses were that fear of 
an auditory CS (conditioned in an avoidance paradigm) is reduced during RP, 
and that fear conditioning would occur to aspects of the conditioning environment 
per se. Also evaluated was the effectiveness of RP when fear had been learned 
under two different conditions: (a) avoidance or (b) classical defensive con- 
ditioning. 

Seven groups of 10 experimentally naive female rats were run. Animals were 
initially trained to bar press for food pellets on a variable interval (VI) 2 sched- 
ule. Three groups were then avoidance trained in a two-way shuttle box to a 
criterion of 10 successive avoidances. Immediately following acquisition, one group 
received RP (blocking) in the shuttle box (Condition A-B). This consisted of 
placing a door between the two sides of the box and presenting the 85 dB (A) 
white noise CS for 15 20-sec periods with a variable 1-min interstimulus interval. 
One group did not receive RP (nonblocked) and was instead immediately returned 
to its home cage (Condition A-NBHC). The third group was treated as was A-B 
except the CS was not presented (Condition A-NBSB). Two other groups were 
trained in a classical defensive paradigm. These animals were matched to A-B 
animals in terms of number, order, and duration of CSs and USs. Following con- 
ditioning, one group received the same treatment as A-B (Condition CD-B), and 
the other received the same treatment as A-NBIIC (Condition CD-NBHC). Two 
groups served as controls. A backward control (Condition BC-NBHC) was 
matched to A-NBHC in terms of number, order, and duration of CSs and USs. 
A sensitization control (Condition SC-NBHC) was matched to A-NBHC in terms 
of number, order, and duration of CS presentations. Immediately following con- 
ditioning trials, control animals received the same treatment as A-NBHC animals. 
After differential treatments all animals were immediately returned to the lever 
box in which they had learned to bar press, a VI 2 schedule was reinstated, and 
the CER was measured. 


A-B showed significant suppression initially but significantly less than A-NBHC, 
suggesting that although RP was effective in reducing fear to the CS, some fear 


remained, Controls showed essentially no suppression and did not differ. A-D did 
not differ from A-NBSB, suggesting that conditioning of fear did occur to the 
environment and that this fear was subsequently reduced in A-NBSB. A-B sup- 
pressed significantly more than CD-B, suggesting that RP was more effective 
when fear was learned in a classical as compared to an avoidance paradigm. Theo- 
retical implications and generalizations to implosive therapy are discussed. 
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RESIDUAL CONDITIONED FEAR AFTER RESPONSE PREVENTION 


Learning models have been frequently em- 
ployed to describe the development of be- 
havior pathology and of behavior change as a 
function of some form of treatment. Recently 
there has been a growing interest in examin- 
ing the appropriateness of the analogy be- 
tween certain forms of neurotic behavior and 
avoidance learning. Two-process fear medi- 
ation theory has most often provided the 
framework, The development and mainte- 
nance of neurotic symptoms have been de- 
scribed in terms of classical conditioning of 
fear to stimuli and the subsequent acquisi- 
tion of instrumental responses that reduce 
contact with these stimuli and are reinforced 
through fear reduction (e.g., Mowrer, 1960; 
Rescorla & Solomon, 1967). There are 
generally two components of the avoidance 
response thought to be changeable. The 
first is a classically conditioned fear response 
(CR) to the conditioned stimulus (CS) 
which is learned as a result of the pairing 
of the CS with an aversive unconditioned 
stimulus (US). The fear response and its 
afferent feedback are typically assigned moti- 
vating and rewarding properties. The in- 
crease in the sensory feedback from the fear 
response is postulated to instigate the in- 
strumental component of the avoidance re- 
sponse. Reduction in the sensory feedback 
from the fear response is postulated to rein- 
force the instrumental component. Thus, 
the avoidance response relieves the organism 
of the noxious quality of the feedback from 
the CS. Writers such as Solomon, Kamin, 
and Wynne (1953) suggest that because the 
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instrumental avoidance response is effective 
in reducing the noxious classically con- 
ditioned fear, it is maintained at a high rate 
when the CS is presented. 

More recent theories of avoidance learn- 
ing have emphasized discriminative stimulus 
( Herrnstein, 1969) or cognitive-expectancy 
(Seligman & Johnston, 1973) explanations. 
Herrnstein's (1969) position asserts that 
external signals in the avoidance situation 
become discriminative stimuli which “set the 
occasion” for the avoidance response. These 
external signals inform the animal that it is 
now in that part of the session during 
which responding produces reinforcement. 
D'Amato (1970) suggests that the only 
other role for external signals is that their 
response-contingent offset may help the sub- 
ject to “discriminate the avoidance contin- 
gency.” Reinforcement for the response is 
provided not by the removal of the CS but 
rather by the absence of shock itself. Selig- 
man and Johnston’s (1973) cognitive-ex- 
pectancy account of avoidance learning in- 
cludes two components, The cognitive com- 
ponent assumes that an animal has a 
preference for no shock over shock, and 
acquires two expectancies: (a) that respond- 
ing leads to no shock, and (b) that not re- 
sponding leads to shock. The presence of 
the stated preference and pair of expectancies 
is a sufficient condition for responding to 
occur. The second or emotional component 
is based on the elicitation of responses by 
classically conditioned fear. 

The conditioned avoidance response 
(CAR) is considered “neurotic” when it 
occurs in the absence of serving any adaptive 
function (e.g., allowing the organism to avoid 
an actual aversive stimulus situation), The 
development and maintenance of “neurotic 
symptoms” have typically been described 
in terms of classical conditioning of fear to 
stimuli and the subsequent acquisition of a 
response that avoids or escapes contact with 
these stimuli. Some researchers (ек, 
Stampfl & Levis, 1967) have addressed some 
of the implications of this two-process model 
for the elimination of maladaptive behavior. 
However, other implications seem to have 
been neglected (Riccio & Silvestri, 1973). 
The problem for the clinical practitioner as 
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well as the experimentalist has been to de- 
rive effective means of eliminating or at least 
reducing maladaptive avoidance behavior. 

Solomon, Kamin, and Wynne (1953) 
were perhaps the first to derive an effective 
method of reducing nonfunctional avoidance 
behavior. After using ordinary extinction 
procedures that proved unsuccessful, these 
experimenters introduced a response pre- 
vention (blocking) procedure, which con- 
sisted of physically preventing the avoidance 
response in the presence of the feared CS. 
This procedure has served as the animal 
analogue model of the behavior therapy tech- 
nique known as implosion. 

Although numerous studies (e.g., Bankart 
& Elliott, 1974; Baum, 19692, 1969b, 1970; 
Berman & Katzev, 1972; Schiff, Smith, & 
Prochaska, 1972: Shipley, Mock, & Levis, 
1971; Solomon et al, 1953) have demon- 
strated that the response prevention proced- 
ure has been useful in reducing the resistance 
to extinction of the CAR, the mechanisms 
underlying its effectiveness are not clearly 
understood. This is reflected in the fact that 
several discrepancies are reported in the 
recent literature. For example, experiments 
designed to study the most effective use of 
response prevention time in reducing the 
CAR are somewhat at odds. Schiff, Smith, 
and Prochaska (1972) exposed 15 groups of 
rats to either 1, 5, or 12 blocking trials 
lasting for either O, 5, 10, 50, or 120 sec 
following avoidance training of a 175-V US. 
The animals were trained in an alley appara- 
tus toa criterion of 10 consecutive avoidances. 
To determine if there was a differential effect 
between the number of blockings and length 
of blocking, three sets of groups were com- 
pared, One set (10 blockings of 5 sec vs. 
1 block of 50 sec) had a total blocking time 
of 50 sec: a second set had a total blocking 
time of 120 sec (12 blockings of 10 sec vs. 
1 blocking of 120 Sec); and the third set 
had a total blocking time of 600 scc (5 block- 
ings of 120 sec vs. 12 blockings of 50 sec). 
No differences within any of the three sets 
were found. These results indicated that 
total response prevention time, as opposed to 
either the number of blocked trials or the 
length of each blocked trial, was the critical 
variable for effective blocking. In another 


experiment, however, Berman and Katzev 
(1972) report that distributed blocking (40 
CS exposures) was more effective than е 
single massed blocking trial of equal юш 
time when rats were run in a shuttle box 
with a 2.0-mA US. It should be pointed 
out that the data of Berman and Katzev are 
easier to explain in the context of Rescorla 
and Solomon's (1967) contingency theory, 
which holds that extinction of conditioned 
fear is a function of CS-US contingency 
reduction. Since each nonreinforced pre- 
sentation of the CS reduces the CS-US 
contingency, this theory would appear to 
predict that extinction of conditioned fear 
is largely a function of the number of non- 
reinforced CS exposures with exposure 
duration having little effect. 

In order to clarify the discrepancy between 
the Schiff et al. (1972) and the Berman 
and Katzev (1972) studies, procedural dif- 
ferences between them deserve comment. 
First, Schiff et al. used a maximum treat- 
ment time of 10 min, while Berman and 
Katzev's groups remained in treatment fot 
27 min. Secondly, different apparatuses 
were used in the two studies. Schiff et al. 
used an alley, while Berman and Katzev 
used a shuttle box. It is possible that 
during blocking in the shuttle box discrete 
CS presentations may have a much greater 
effect on subsequent behavior than a pro- 
longed exposure of comparable duration. 
This may be due to the fact that in me 
apparatus, during conditioning, the anima 
is required to escape the CS by running into 
a compartment where it was pow d 
shocked. In the alley situation, the rat al- 
ways avoids or escapes by running away 
from the same box, that is, away from the 
CS area. Pursuing this argument, we ан) 
speculate that CS onset in the Berman anc 
Katzev study took on a greater discrimine, 
tive role since it was the only consiste" 
CS. That is, it alone was always paired with 
the US—other environmental cues x^ 
positional cues) were irrelevant. On the 
other hand, the white noise CS in tus 
Schiff et al. study was not the only root 
that was consistently present upon US P il 
sentation. Environmental-positional sti? 
were also consistently paired with the 
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If the CS onset in the Berman and Katzev 
study served a greater discriminative role 
than CS onset in the study by Schiff et al., 
then it would be reasonable that more CS 
onsets during response prevention would be 
necessary in order to facilitate extinction as 
compared to one long CS presentation. Con- 
versely, since CS onset played a lesser role 
in conditioning in the Schiff et al. study, 
differences in response prevention treatments 
might not be expected to produce significant 
differences. Several researchers (e.g., Mc- 
Allister & McAllister, 1971) have pointed 
out the important role of fear conditioned to 
static apparatus cues in addition to that con- 
ditioned to the discrete CS when interpreting 
results of any study involving fear condition- 
ing. Indeed, Shipley et al. (1971) have also 
pointed out the important influence of ex- 
tinction of shock compartment apparatus 
cues in extinction of the CAR. 

Another line of argument relevant to the 
discrepancy concerning the most effective 
use of extinction time has been succinctly 
outlined by Shipley (1974). He points out 
that in order to investigate the relative con- 
tribution of the number and duration of CS 
exposures, not only should total CS exposure 
be held constant while the number and 
duration of CS presentations are allowed to 
vary inversely, but the amount of fear con- 
ditioned to the CS should be held constant. 
This is clearly not the case in the avoidance 
paradigm, since the animal's behavior deter- 
mines the duration of the CS and US and 
the number of CS-US pairings. If extinc- 
tion of avoidance responses is used as the 
index of fear response strength, then an ad- 
ditional problem is introduced in that the 
duration of nonreinforced CS exposure in 
the extinction phase is also partially deter- 
mined by the subject. Shipley's (1974) 
study employed Pavlovian fear acquisition 
and extinction procedures in a factorial de- 
Sign in which CS duration in acquisition, the 
number and duration of CS exposures in 
extinction, and total CS exposures across 
extinction trials were varied. Results of 
this study, which employed suppression of 
licking for water as the measure of residual 
fear, revealed that suppression was an in- 
verse function of total nonreinforced CS ex- 


posure irrespective of the number and dura- 
tion of extinction exposures used to amass 
that total. Earlier data reported by Shipley 
et al. (1971) also suggested that fear reduc- 
tion is a function of total CS exposure irre- 
spective of number of trials. Thus, Shipley's 
findings support those of Schiff et al. (1972) 
and are not supportive of Rescorla and 
Solomon's (1967) contingency theory of 
Pavlovian conditioning. 

Discrepant findings have also resulted from 
studies conducted to determine the appro- 
priate amount of response prevention time 
that is necessary for effective facilitation 
of extinction. Baum (1969a, 1969b) has 
studied this problem in a series of experi- 
ments in which he employed a box apparatus 
with an automated sliding platform located 
6 in. (15.24 cm) above a grid floor. When 
the platform was inserted into the box, the 
rat could escape the CS and avoid the US 
by jumping on it. Subsequently, response 
prevention could be initiated by withdrawing 
the platform, thus making it unavailable to 
the rat for an avoidance response. Baum 
(1969a) reported that increasing the dura- 
tion of response prevention increased its 
effectiveness in hastening extinction. Three 
to 5 min of response prevention was the 
minimum effective time for rats after receiv- 
ing a mild (0.5-mA) US. Baum (1969a) 
also parametrically varied the intensity of 
shock used. Results showed that intense 
shock (1.3 or 2.0 mA) diminished the 
efficacy of a fixed amount of response pre- 
vention (3 min). Siegeltuch and Baum 


(1971) report results somewhat different 
from those of Baum (1969a). These ex- 
perimenters administered 40 distributed 


1-зес .5-mA unavoidable shocks (10 shocks 
on each of the 4 days preceding avoidance 
training) prior to avoidance training to 
ensure that the fear mediating the avoidance 
response was "deeply rooted." Results re- 
vealed that 30 min of response prevention 
was necessary to significantly reduce the 
CAR. Also, 30 min of response prevention 
was significantly more effective in reducing 
the CAR than either 0, 5, or 15 min of 
response prevention. As Baum (19693) 
points out, several factors—including amount 
of response prevention given, US intensity, 
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and whether or not the response has been 
overtrained—influence the efficacy of re- 
sponse prevention in facilitating the extinc- 
tion of an avoidance response. — 

A problem closely allied with that „of 
determining optimal response prevention 
time is the problem of understanding how an 
animal’s behavior during response preven- 
tion interacts with this treatment. Bearing 
on this question, Baum (19693) suggested 
that the effectiveness of response prevention 
is related to the behavior of the animal dur- 
ing response Prevention. Baum and Gordon 
(1970), employing a box apparatus, found 
а significant relationship between fearful 
behavior during response Prevention and the 


These experi- 
havior during 
sampling tech- 
at was observed, and 
the rat was recorded. 
hat the more fear be- 


S area of an alle 
аге discrepant 
(Spring, 1973) which s 


form apparatus, 
procedural differ 
tributed to 


alley vs. box apparatus), а more salient 
lem in evaluating Spring et д]? 

ings is that th 
CS area 


с rcular argument in 
that those animals that showed f 


tion (by actively approaching 
those of a subgroup (of the origi 
mental group) selected becaus 
Showed a great deal of explor. 
during blocking, 
Shipley et al. 
two one-way shu 
carefully me 


€ they initially 
atory behavior 
(1971), 
ttle box 
asured activity 


via an ultrasonic motion detector, noted that 
although response-prevented subjects X 
generally inactive during the preven i 

phase and subsequently extinguished rapid 3s 
it still remained unclear whether low re 

sistance to extinction in response-prevented 
subjects was actually mediated by low-activ- 
ity level. The results of a third a eee 
reported in the Shipley et al. (1971) article 
Suggested “that fear reduction occurs in- 
dependently of activity level during CS A: 
posure and of the presence or absence o 

active CARs" (p. 269). The authors con- 
cluded that although their results do not 
Support the hypothesis that extinction after 
response prevention is solely a result of 
incompatible Tesponse tendencies, their data 
do not rule out the possibility that an inter- 
action between fear extinction and incom- 
patible response tendencies could operate to 
produce fast extinction, Thus, results from 
these experiments Suggest that there may not 
be a direct relationship between the elimina- 


R and the extinction of fear- 
motivating Properties of the CS. 

Results Sometimes view. 
with those that 


а paradoxical en- 
Studies done by Coulter, 


(1969) and Rohrbaugh, 
(1972) h 


io, Rohrbaugh, and Page 
reasoned that if response prevention 


trials after avoidance training enhanced fear, 
then they might f 


blocked animals t i i 
Simply tested aft 
Criterion, 
in an experiment 
shuttle box and 
and/or blocking 
that although res 
the resistance to 


Results skowe) 
ponse prevention reduce 


extinction of the CAR, a 
Subsequent test indicated that passive avoid- 


ance of the former shock chamber was 
Sreater in blocked and extinguished as com- 
Pared to nonblocked and extinguished 
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animals. More recently, Marrazo, Riccio, 
aud Riley (1974) have reported data sug- 
gesting that response prevention with shock 
increased latency-to-eat-measured fear, but 
facilitated avoidance extinction. 

While considerable caution must be exer- 
cised in extrapolating experimental data to 
the clinical setting, it may be instructive to 
point out that discrepancies among treat- 
ment results have also been frequently found 
with human research. Reported results from 
implosive therapy range from fear reduction 
to fear enhancement (Ayer, 1972; Hodgson 
& Rachman, 1970). Noting obvious prob- 
lems, critics have challenged the appropriate- 
ness of using response prevention procedures 
with humans in therapy situations. Most 
recent among such critics, Morganstern 
(1973, 1974) has charged advocates of im- 
plosive therapy with a lack of experimental 
rigor. Indeed, Eysenck (1968) has called 
for the postponement of response preven- 
tion procedures until more detailed and re- 
liable guides have been provided by analo- 
gous studies. 

A review of both the experimental animal 
studies and the clinical studies clearly sug- 
gests that although response prevention tech- 
niques are effective in some circumstances, 
they are not effective in others. Inherent 
in studying this obvious discrepancy of re- 
sults is the problem of what to use as an 
appropriate measure of fear. Typically, 
either one of two dependent fear reduction 
measures has been employed. The first 
simply involves measuring the resistance to 
extinction of the CAR after avoidance con- 
ditioning and response prevention. Here, 
the assumption usually made is that more 
rapid extinction of the CAR in the blocked, 
compared to the nonblocked, groups implies 
that the fear response has been reduced by 
the response prevention procedure. Un- 
fortunately, investigators employing this 
measure are limited in their interpretations 
of fear reduction, since the procedure has 
obvious methodological weaknesses. Sev- 
eral experimenters (e.g. Page, 1955; Page 
& Hall, 1953) have suggested that reduction 
in this dependent fear measure may actually 
be a result of learning a new response to 
the still feared CS rather than a reduction 
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of fear. For example, instrumental re- 
sponses other than avoidance, such as freez- 
ing, crouching, or grooming, may be learned 
during response prevention. These alterna- 
tive responses may persist during fear test- 
ing such that the probability of occurrence 
of the previously trained CARs is decreased 
due to the presence of an incompatible but 
unmeasured alternative avoidance response. 

A second dependent fear measure íre- 
quently employed has been approach be- 
havior into the CS area (Nelson, 1969; 
Page, 1955; Spring et al., 1974). The ration- 
ale here has been that if the organism fears 
the CS then it should not approach it, As 
Spring et al. (1974) point out, approach 
measures eliminate the aforementioned prob- 
lems, which are characteristic of CAR ex- 
tinction measures. Unfortunately, approach 
measures introduce special problems of their 
own, since motivation for approaching the 
CS must be introduced. Although the im- 
portance of motivation is not to be underesti- 
mated, its interaction with other relevant 
variables (e.g., length of response preven- 
tion) is as yet unknown, and it would seem 
that the potential for undetected interaction 
and confounding is great. Also, it should 
be noted that Spring (1973) manipulated 
motivation through food deprivation and 
found that it had no apparent effect. Diff- 
culties inherent with approach behavior as 
a dependent measure of fear are further 
complicated by findings that suggest, on the 
one hand, a correlation between exploratory 
behavior and fear reduction measured via 
CAR extinction (eg, Baum & Gordon, 
1970) and, on the other hand, only a par- 
tial relationship between exploratory be- 
havior and subsequent approach-measured 
fear indices (eg., Spring, 197285. 

It is apparent from the preceding review 
that many studies report a facilitation of ex- 
tinction as a function of response prevention, 
However, the process by which response 
prevention produces this extinction is not 
altogether clear. This fact is emphasized by 
the findings (e.g., Rohrbaugh et al., 1972) 
that suggest а paradoxical enhancement of 
fear. Another major point in the review 
been the importance of considering the ¢ 
nique that is employed in ey 


has 
ech- 
aluating fear 
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after response prevention. Also, some of 
the discrepancies in the literature have been 
discussed with particular emphasis on the 
differences in apparatuses employed. These 
considerations have suggested that problems 
inherent in assessing fear reduction as a 
function of response prevention are numer- 
ous and their implications for any theorizing 
as to what mechanisms might be operative in 
response prevention are indeed basic. Since 
we cannot understand what processes are 
operating in response prevention unless we 
have precise control of the antecedent con- 
ditions and precise and meaningful measure- 
ment of the dependent fear, whether or not 
response prevention actually reduces fear 
remains unknown. What is needed is a 
measure of fear unconfounded by responses 
present during fear acquisition. 

In the present study the conditioned emo- 
tional response (CER) paradigm (Estes & 
Skinner, 1941) was used to measure con- 
ditioned fear. The CER consists of the 
suppression of ongoing instrumental be- 
havior in the presence of a warning signal 
(CS) that has preceded shock (US). It 
is generally considered that the CER pro- 
cedure has provided more complete and 
reliable information than any other method 
regarding the determinants of conditioned 
fear (Church, 1971). The effects of fear 
to the CS were measured independent of 
avoidance behavior in an environment dií- 
ferent from that in which fear was initially 
conditioned. The CER measure was chosen 
not only because of its reliability and pre- 
cision but also for its appropriateness to the 
clinical analogue. If maladaptive avoidance 
behaviors interfere with an individual's day- 
to-day activities, then this may be analogous 
to the CER situation in which a suppression 
of ongoing behavior is observed upon the 
presentation of a CS. 

The first hypothesis was that fear of an 
auditory CS is reduced during response pre- 
vention. It was predicted that blocked 
animals would show significantly less re- 
sponse suppression in a subsequent CER 
test than nonblocked animals. Another hy- 
pothesis was that fear conditioning occurs 
to the conditioning environment per se, 
Evidence from pilot studies conducted in 


PETER M. MONTI AND NELSON F. SMITH 


our laboratory suggested that animals which 
were supposedly nonblocked in the condi- 
tioning apparatus (shuttle box) showed 
little difference in subsequent CER tests 
when compared to blocked animals. Thus, 
it seemed that the conditioning environ- 
ment was acquiring special CS properties. 
To evaluate the effect of response preven- 
tion without CS presentation, two nom 
blocked groups were included. One was 
nonblocked in a compartment of the shuttle 
box, the other was nonblocked in the 
animal's home cage. The prediction was 
that animals nonblocked in the shuttle box 
would show less suppression than animals 
nonblocked in their home cages. Another 
interest was in evaluating the effectiveness 
of response prevention when fear was 
learned under two different conditions. One 
condition, avoidance, provided the anima 
with the opportunity to learn to actively 
avoid the US. The second, classical defen- 
sive, did not afford the animal the opportun” 
ity to avoid. No differences were expected 
between these groups if two-process theory 
is correct, that is, if fear is learned merely 
as a function of CS-US pairings, In this 
case, the presence of an active response 
should not influence the amount of fear con- 
ditioned to the CS. 


METHOD 


Subjects 


Subjects were 70 experimentally naive female 
albino rats of the Sprague-Dawley strain. When 
гип in the study, their ages ranged from 75 t 
130 days and their weights from 172 to 240 5 
They were housed individually and were fed ad lib 


Wayne Lab-Blox brand food pellets. 
Apparatus 


The avoidance apparatus was a modified Miller- 
Mowrer shuttle box (51X 16.5 X 25.5 cm). | s 
had metal sides, a clear Plexiglas top and „а 
grids spaced 1.25 cm apart at the floor. The pr 
was divided by a metal wall that had an 11 "T 
9 cm opening through which the rat could Phat 
A black door fitted into the opening such one 
when present, the rat could not shuttle from, E 
side to the other. The ambient noise level 0 an 
Shuttle box was 64 dB (A). The CS er des 
85-dB white noise delivered through SD ock 
The US was a matched-impedance scrambled 2 TES 
of 225 V, ac with 150-kQ resistance in Se 
with the rat. 
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TABLE 1 
DESIGN OF THE STUDY 


3 ^lassic; bfen- Sensitization 
ec ай о TT control 
Treatment (CD) (BC) (SC) 
Blocked (B) A-B CD-B* 
Nonblocked in home cage (NBIIC) A-NBHC CD-NBIIC^ BC-NBIIC* SC-NBIIC* 
Nonblocked in shuttle box (NBSB) A-NBSB 


Note. N of each cell 10. 

^ Subjects matched to A-B 
yond those paired with US. 

b Subjects matched to 


in terms of number, duration, sequence of CS, US exposures. as well as number of CS exposures be- 


-NBHC in terms of number, duration, sequence of CS, US exposures, as well as number of CS exposures 
beyond those paired with 


© Subjects matched to A-NBHC in terms of number, duration, and 


Two typical Plexiglas and aluminum lever boxes, 
24 X 20.50 X 19.75 cm, were located in a second 
room. The grids on their floors were spaced 1.25 
cm apart. One end wall contained a lever and a 
food cup. Each lever box was in its own sound- 
deadening chamber. The CS was delivered to each 
lever box through a speaker mounted on its ceil- 
ing. The ambient noise and CS levels were the 
same as those in the shuttle box. 


Procedure 


Animals were reduced to 7596-8065 of their 
preexperimental body weights 1 week prior to 
participating in the experiment and were main- 
tained there. Water was continuously available in 
the home cages. All animals were treated identi- 
cally during Phases 1 and 3. 


Phase 1: Magazine and Bar-Press Training 


During Session 1 all animals were placed in a 
lever box for 3 hr. During the first hour Noyes 
pellets were available on a continuous reinforce- 
ment (CRF) schedule. Also, free pellets were 
provided at 5-min intervals. Animals were gradually 
shaped to a variable interval (VI) 2 schedule. 
During five additional 2-hr. sessions animals 
pressed on a VI 2 schedule. For inclusion in the 
study animals had to meet a criterion of at least 
1,500 responses per session for Sessions 3 to 6. 


Phase 2: Conditioning and Blocking 


Each animal was randomly assigned to one of 
seven groups. Approximately 24 hr. after the sixth 
session, animals were individually run in the shut- 
tle box. Animals were given a 5-min adaptation 
period in the shuttle box during which the CS 
lone was not present. In order to assure that sub- 
jects received at least three shocks, all animals, 
except those in the sensitization control condition, 
initially received either three unavoidable CS-US 
Pairings or three unavoidable US-CS presentations 
depending on their experimental condition. 

Avoidance training and blocking. Three of the 
seven groups were trained to avoid the US to a 
criterion of 10 successive avoidances. The CS-US 


sequence of CS exposures. 


interval was 20 sec. If the animal moved to the 
opposite side of the apparatus during this 20-sec 
interval, the CS was terminated. If the animal 
failed to avoid during the CS-US interval, then 
the US came on until an escape response was made 
at which time both the CS and US terminated. 
Intertrial intervals (ITI) were arranged according 
to a predetermined variable 1-min schedule. Table 
l summarizes the conditions used in 
Upon reaching the 10 consecutive avoic 
terion, avoidance-trained animals (A) 


the study. 
lances cri- 


› 1 were їт- 
mediately given one of three treatments for a 
period of 20 min: (a) blocked (A-B), (b) non- 


blocked in home cage (A-NBHC), or (c) non- 
blocked in shuttle box (A-NBSB). 

Animals in the A-B group remained on the side 
of the box to which they last ran. The door was 
placed between the two sides of the box, thus pre- 
venting further crossings. The CS was then pre- 
sented for 15 20-sec periods with a variable l-min 
interstimulus interval (ISI). Animals in Group 
A-NBSB were treated identically to animals in 
Group A-B, except that the CS was not presented. 
Animals in Group A-NBHC, upon reaching the 
avoidance criterion, were removed from the ap- 
paratus and placed in their home cages for 20 min, 
the amount of time needed for the A-B and the A- 
NBSB procedures. 

Classical. defensive training and blocking. Two 
groups were trained in a classical defensive para- 
digm. The CS-US interval was 20 sec. One classi- 
cal defensive group (CD-B) was blocked in the 
shuttle box. This consisted of placing a door be- 
tween the two sides of the box and presenting the 
CS for 15 20-sec periods with a variable 1-min ISI, 
This was a classical conditioning extinction pro- 
cedure. Animals in the other classical defensive 
group (CD-NBHC) were nonblocked in 
home cages for 20 min, and thus no 
extinction procedure. Animals i 


their 
t exposed to an 


| n both classical de- 
fensive groups were matched as indicated in Table 
18 


Control groups. Two control 
(a) a backward conditioning con 
controlling for pseudoconditionir 
and (b) a sensitization 


groups were run: 
trol (BC-NBHC) 
Ag and sensitization 
control (SC-NBHC), 
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Animals in both groups were nonblocked in their 
home cages. Animals in Group BC-NBHC always 
received the US from 5 sec to 10 sec prior to CS 
onset. The ISI was determined randomly. Animals 
in this group were matched to animals in Group 
A-NBHC as indicated in Table 1. Animals in 
Group SC-NBHC received CS Presentations only. 


These animals were also matched as indicated in 
Table 1. 


Phase 3: CER Test for Fear 


(B/A + В, with В representing 
CS and А representing presses 
pre-CS periods). Thus, 


a ratio greater than ‚50 


Pressing during {һе CS 
compared to the preceding 20 sec, This particular 


Was selected because it is 


edent in the literature that 


oidance conditionin, Ta 
Kamin, Brimer, & Black, 1963). кеш 


Resutrs 
Avoidance Training 


Results of analysis of variance performed 
on avoidance groups to test for possible dif- 


MEAN SUPPRESSION RATIO 


ferences in avoidance learning indicated no 
differences for (a) number of trials to cri- 
terion, (b) number of avoidances, and (c) 
time exposed to US. This indicated that no 
differences existed among these groups after 
avoidance training. 


Responding During First Pre-CS Period of 
CER Phase 


Results of analyses of variance done on 
the first 20-sec pre-CS periods to assess 
overall response rate of each group indepen- 
dent of the effect of CS periods showed a 
nonsignificant F, This indicated that the ex- 
perimental condition did not differentially in- 
fluence overall rate of pre-CS responding. 


CER Test for Fear: Avoidance Conditions 


Suppression data for the avoidance- 
trained conditions are illustrated in Figure 1. 
To assess suppression ratio differences across 
Trials 1-12 for these conditions, a two-way 
repeated measures analysis of variance was 
performed on the mean response suppression 
ratio for blocks of three trials. Results of 
this analysis showed a significant conditions 
effect, F(2, 87) = 6.20, р < .0l,a significant 
trials effect, F(3, 261) = 15.71, p < .01, as 
well as a significant conditions by trials in- 


7-9 10-12 


h dn. dci cceli 
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teraction, F(6, 261) = 770, p< 01. Since 
both trials effect and the interaction are ap- 
parent from Figure 1, multiple comparisons 
were done only on the conditions effect. 
According to Dunn's test, Condition A- 
NBHC was significantly different from Con- 
ditions A-NBSB and А-В, р € .01 and p < 
.05, respectively. Thus, most response sup- 
pression was found in A-NBHC. A-B and 
A-NBSB showed significantly less response 
suppression, and they did not significantly 
differ from each other. 

To more closely assess differences in sup- 
pression for avoidance-trained conditions, 
mean suppression ratios for Trials 1-3 are 
illustrated in Figure 2. It is apparent that A- 
NBHC shows more suppression than A-B 
and A-NBSB. To test this difference, a two- 
way repeated measures analysis of variance 
was done. Results of this analysis showed a 
significant conditions effect, F(2, 27) — 9.92, 
p < Ol, as well as a significant trials effect, 
F(2, 54) = 15.56, p < .01. According to a 
Dunn's test, A-NBHC significantly differed 
from А-В and from A-NBSB, both b < 0l. 
The significant trials effect is apparent in 
Figure 2, It is also apparent that А-В and A- 
NBSB were not significantly different from 
each other, 


Suppression differences. between avoid- 


MEAN SUPPRESSION RATIO 


FIGURE 2. Me 
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ance-trained conditions on Trial 1, were also 
analyzed using Dunn's procedure, The re- 
sults showed that A-NBHC significantly 


differed from both A-B and A-NBSB, р < 
.05. 


CER Test for Fear: Classical Defensive 
Conditions 

Mean response suppression ratios for 
Conditions CD-B and CD-NBHC are illus- 
trated in Figure 3. It is apparent that only 
Trials 1-3 show considerable suppression. 
Figure 3 also shows considerably more sup- 
pression for CD-NBHC as compared to 
CD-B on Trials 1-3. Mean suppression 
ratios for these trials are illustrated in Fig- 
ure 4, Also illustrated in Figure 4 are the 
mean suppression ratios for А-В, to which 
CD-B and CD-NBHC had been matched, 
Figure 4 suggests that most of the suppres- 
sion differences between CD-B and CD- 
NBHC were due to the difference on Trial 
l where CD-NBHC shows far 
pression than does CD-B, 

In order to assess differences 
CD-B and CD-NBHC as well as to com- 
pare these conditions to А-В, а two-way 
repeated measures analysis of variance was 
done comparing mean suppression ratios of 
these three conditions, Results showed only 


more sup- 


between 


3 


TRIALS 


an suppressi. ati rer 15 е 
Еола нозете адь 1, 2, and 3, for avoidance-trained conditions, 
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F 


a significant trials effect, F (2, 54) = 11.35, 
b < 01. This tri 


cal extinction of 


assess differences 
NBHC, and A-B on 


€ prevention significantly 
n when fear үү 
al defensive paradigm, 


CER Test for Fear: Control Conditions 


Mean response suppression 
Conditions BC-NBHC 
showed essentially 
and very similar respons 
results suggest that there 
for pseudoconditioning or sensitization, To 
assess differences between these control con- 
ditions and Condition A-NBHC to which 
both controls had been m 
repeated measures 
done on the mean r 


as learned 


ratios for 
and SC-NBHC 
€ patterns, These 
Was no evidence 


atched, а 
analysis of vari 
sponse suppress 


two-wa y 
ance was 
ion ratios 


for these conditions on Trials 1, 2, and д 
The results showed а highly significant 
conditions effect, 


F(2, 27) = 32.65, p< 
:01. Both trial and interaction effects were 
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4-6 
TRIALS 


nonsignificant, According to Dunn's 
cedure, A-NBHC si 
both BC-NBHC 


pro- 
gnificantly differed from 


and SC-NBHC (р < 01). 


Discussion 

The major h 
fear of a CS 
digm would b 
vention, 


eral, supports Solo 


ypothesis of the stud 


y, that 
as measured in 


a CER para- 


‚ in gen- 
mon et al.’s (1953) origi- 
assumption that avoidance 


Tesponse prevention treat- 
be a funct 


reduction after 
ments may 


ion of a weakened 
classically conditioned fear response to the 
CS. TI 


1€ results also cor 


other studies (eg., Daum, 19693; Berman 
& Katzev, 1972. Spring et al., 1974) which 
Suggest that response prevention reduces 
fear to the CS. However, a distinction 
should be made between studies reporting 
merely a reduction in avoidance behavior or 
an increase jn approach behavior in the 
training environment as a result of response 


Prevention and the present study, which re- 
Ports a reduction in measured effects of fear 
to the CS 


in a different environment, That 
these two types 


arily 
as been pointed out by 


K 3) and Linton et al. 
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TRIALS 


Ficure 4. Mean suppression ratio on Trials 1, 2, and 3, for classical-defensive-trained conditions 
and Condition A-B. 


(1970), who demonstrated that even after 
avoidance behavior had been extinguished, 
there was still much fear to the CS as mea- 
sured by either a CER technique or passive 
avoidance of the former shock chamber, re- 
spectively. 

It should also be pointed out that response 
prevention in the present study did not com- 
pletely eliminate the fear response. Indeed, 
there was significant suppression on Trial 1 
for Condition A-B when compared to Con- 
trol Conditions BC-NBHC and SC-NBHC, 
t = 2.24, р < .05. This suggests that blocked 
animals were still somewhat fearful of the 
CS, although they were significantly less fear- 
ful than animals nonblocked in their home 
cages (Group A-NBHC). This finding sug- 
gests a possible explanation linking those 
studies which report that response preven- 
tion does not lead to a reduction of fear (e.g., 
Coulter et al., 1969; Page & Hall, 1953), and 
those studies that suggest that it does (e.g., 
Baum, 19694). Perhaps differences in the 
amount of fear existing after response pre- 
vention have been one source of the dis- 
crepancy in the response prevention litera- 
ture, Other measures of fear (e.g., approach 
into the CS area or extinction of the CAR) 
might not have detected the differences be- 


tween complete fear elimination and a partial 
reduction in fear to the CS, whereas the 
CER technique did. 

The second hypothesis of the study was 
that the conditioning environment per se 
would acquire CS properties that would be 
reduced even though the white noise CS did 
not come on. This led to the prediction that 
animals nonblocked in the shuttle box would 
show less suppression than animals non- 
blocked in their home cages. The results 
supported this hypothesis and prediction. In 
fact, it was found that response suppression 
in Condition A-B did not significantly differ 
from response suppression in Condition A- 
NBSB, suggesting that response prevention 
in the CS environment was equally effective 
regardless of whether or not the discrimina- 
tive CS was presented, This finding is dif- 
ficult to interpret in terms of classical condi- 
tioning principles, since in the shuttle hox 
Situation it is assumed that only the white 
noise CS reliably signals shock, Other stim- 
uli in the environment should have become 
relatively redundant. This would not be 
true in an alley or other one-way appar 
where one might expect spatial cues to he 
more informative and therefore more effected 
by response prevention, The present results 


atuses 
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suggest that the entire conditioning environ- 
ment acquired aversive properties that were 
Subsequently reduced during Condition A- 
NBSB even though the white noise CS did 
not come on. It is possible that the apparatus 
cues plus white noise could have functioned 
аз a summated CS and that when the appa- 
ratus cues were weakened during the A- 
NBSB condition it caused à reduction in the 
effectiveness of the white noise component 
when tested in the lever box. The A-NBHC 
group would have the white noise and ap- 
paratus cues (eg. grid floor) still effective, 
because neither of these. component CSs 
would have had their fear CRs extinguished, 
Thus, would show 
Most suppression in the CER test. It would 


Classical de- 
fensive group would do following exposure 
apparatus alone without 
Such a CD-NBSp group 
to the CD-B group, 
explanation would be 


responded Similarly 
the summated CS 
strengthened, 


as the effectiveness. of 
When fear was learned 
conditions : 


trol procedure has been criticized on severa] 
grounds by Church (1964), еге аге two 
reasons why it was used in this study, First, 
the shuttle ces very fast 
learning with relatively little variability, The 
ion, Number of avoid- 
ances, and total US time all 
significant F ratios, The avo; 
learned by all subjects in 
cluding the 10 criterion t 
indication of a bimod 


Seems no reason to helj 
of the CD grou 
the matching 
were especially concerned 
the classical defensive g 
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same number, sequence, and duration of CS 
and shock exposures, The matching pro- 
cedure seemed the most feasible way to 
achieve this goal. 

Results of the analysis over Trials 1-3 
comparing response Suppression for Condi- 
tions CD-B, CD-NBHC, and A-B showed 
а nonsignificant effect of conditions, This is 
probably due to the fact that although there 


ar response pat- 
terns (see Figure 4). To further investigate 
Whether avoidance training and classical con- 
differently with response 
as to investigate the ap- 


the response Suppression 
ratio for A-B on Trials 10-12, which is ap- 


parent in Figure ], additional analyses were 
conducted, The first Was a two-way repeated 
Measures analysis of variance comparing A-B 
and CD-B with A-NBHC and CD-NBHC 


on Trial Block 1-3. The results indicated 
that A-B had significantly mo 


prevention as wel] 
parent decrease in 


Suppression than CD-B, F(1, 58) = 4.58, 
b < 05; and A-NBHC had 


F(1, 58) = 29.45, p < 01. The interaction 
Was not significant, The second 
а two-way repeated 


12, he results indicated that 
nificantly 


CD-B, F(1, 58) = 
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animals, because the A-B animals were not 
prevented from making their avoidance re- 
sponse until response prevention began. 

That the apparent decrease in the response 
suppression ratio for Condition A-B appears 
real is somewhat difficult to explain. It may 
suggest that the fear-reducing effects of re- 
sponse prevention are longer lasting when 
fear is learned in a classical rather than an 
avoidance paradigm. A test of the reliability 
of this finding would seem to be a potentially 
worthwhile investigation. 

Although considerable care must be ex- 
ercised in extrapolating the present findings 
to the clinical setting, several generalized 
implications may be useful. The major con- 
tribution of this study was to confirm that 
response prevention is successful in reducing 
fear to the CS. However, it is important to 
point out that response prevention did not 
completely reduce fear to the CS, in fact, 
significant fear remained after response pre- 
vention. This may be due to the fact that 
there was not sufficient CS exposure during 
response prevention. A possible implication 
is that although implosive therapy may re- 
duce some fear to the CS, significant fear 
may be present after treatment. Implications 
for implosive therapy are either that the 
treatment may not be successful even though 
some fear reduction has occurred or that the 
treatment may appear successful, but avoid- 
ance behavior may be easily reinstated upon 
brief presentation of the CS-US contingency 
at some later time. 

A second finding that may be relevant to 
implosive therapy is that during response 
prevention the CS environment was equally 
effective in reducing fear to the CS regard- 
less of the presence of the discriminated CS. 
This finding may explain why it is not neces- 
sary for the therapist to present the original 
CS in implosive therapy. This suggestion 
complements Stampfl and Lev (1967) 
statement that "complete accuracy 15 not 
essential since some effect, through the prin- 
ciple of generalization of extinction, would 
be expected when an approximation 15 pre- 
sented" (p. 499). . 

Another finding that may be clinically 
relevant is the fact that response prevention 
was not equally effective. regardless of the 
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original conditions of learning fear. Indeed, 
response prevention seems to be more effec- 
tive when fear is learned in a classical condi- 
tioning paradigm. This suggests that perhaps 
whether or not the client was able to avoid 
the feared object while the original learning 
of fear was occurring may make a difference 
in the optimal duration of treatment and 
overall effectiveness of implosive therapy. 
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As Monti and Smith (1976) suggest, 
the efficacy of response prevention proced- 
ures in reducing the resistance to extinction 
of avoidance responding is an important 
issue for theories of avoidance learning as 
well as applied techniques of behavior ther- 
apy. The following comments are there- 
fore divided along these lines. 


EXPERIMENTAL AVOIDANCE ACQUISITION 
AND EXTINCTION 


Two-factor theories of avoidance behavior 
(Mowrer, 1947; Rescorla & Solomon, 1967) 
are generally accepted as the first attempt at 
explaining acquisition of avoidance re- 
sponses. They enjoy the status of circum- 
venting teleological explanations of the 
acquisition of a response that copes adap- 
tively with some event about to occur in 
the future. According to such theories, Pav- 
lovian contingencies bring about the associa- 
tion of a conditioned stimulus (CS) and 
noxious unconditioned stimulus (UCS). As 
traditionally accepted the CS is then capable 
of eliciting complex conditioned responses 
(CRs). Among these conditioned reactions 
are (a) a conditioned fear reaction and (b) 
some skeletal response that may at first 
grossly approximate the to-be-learned avoid- 
ance response and in time develop into that 
response, 

In 1948 Miller suggested that if Pavlovian 
conditioning was capable of imbuing a neu- 
tral CS with drive properties, then that CS 
should (a) motivate behavior and (b) when 
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suddenly removed serve as a reinforce- 
ment to produce learning of the immediately 
preceding response. While attempting to 
explain the acquisition of avoidance behavior, 
Solomon, Kamin, and Wynne (1953) made 
this same assumption: They assumed that 
these emotional reactions (acquired through 
Pavlovian conditioning during avoidance 
training) would give rise to stimuli having 
drive properties. Two-factor theories are a 
direct extrapolation of this premise. The 
CS, through conditioning, acquires drive 
properties capable of instigating avoidance 
attempts and through its termination be- 
comes capable of reinforcing responses which 
directly precede that termination. Of course, 
since the UCS that is employed in the 
avoidance procedure is typically painful, 
the acquired drive properties are assumed 
to be aversive, and the term fear is often 
substituted as a more specific statement of 
the prevailing drive state. 

It should be clear that such theory should 
gain empirical support if independent mea- 
sures of the acquired drive state are shown 
to vary as predicted with the behavioral 
events which that drive state is postulated to 
explain. In the case of avoidance behavior 
the drive state is fear. Hence, if fear insti- 
gates avoidance behavior then correlates of 
fear should increase prior to the occurrence 
of those behaviors, and if the avoidance be- 
havior that terminates the CS is supposed to 
be reinforced by drive (fear) reduction, 
then correlates of fear should decrease fol- 
lowing such behavior and CS termin 

This is the theoretical foundation 
formed the basis of the Solomon 
(1953) researches in avoidance extinction 
and the Rescorla and Solomon (1967) re- 
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view of Concomitant measures of autonomic 
and behavioral indices during instrumenta] 
response 


» Conditions that—according 
to the two-factor theory—should have led 
to the extinction of avoidance responding 
did not; and Second, correlations that should 
have existed between autonomic indices of 
the Motivating drive state and occurrence of 
the instrumental responses that were jin- 
stigated and reinforced by that drive State 
did not exist, 
b Continued Presentation of the CS without 
uring avoidance extinction should 
have led—according to two-factor theory— 
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example, Coulter, Riccio, and Page (1969) 
noted that rats which received response pre- 
vention were more hesitant to reenter the 
shock compartment than rats which had been 
normally extinguished. Although the authors 
note the apparent contradiction with two- 
factor theory, they chose to explain the dis- 
crepancy by assuming that rats which had 
received response prevention had adventi- 
tiously acquired a substitute avoidance re- 
sponse that was responsible for the apparent 
extinction, Whenever the CS terminated 
during response prevention, any response 
that the subject was performing would be 
adventitiously reinforced. 

Such explanations appear to be contrived 
especially in light of the previous contradic- 
tions between the data and two-factor theory. 
Yet, even if we ignore these other discrep- 
ancies in two-factor accounts, the argument 
that competing responses are adventitiously 
acquired through CS termination during re- 
sponse prevention cannot explain the cessa- 
tion of avoidance responding when one-way 
procedures are employed that do not include 
a discrete CS other than the dangerous ap- 
paratus cues themselves, In such instances 
response prevention never provides CS term- 
ination, and competing responses could never 
be reinforced via CS termination. However, 
one study, which used a one-way procedure 
and which did not provide discrete CS term- 
ination during response prevention (Page & 
Hall, 1953), explained the acquisition of a 
competing response as being "reinforced by 
the absence of shock." Here is a very early 
suggestion that the avoidance response may 
he reinforced solely through the absence (or 
avoidance) of the UCS. This is not a two- 
factor explanation. | 

Before considering the notion that the 
avoidance contingency itself is primarily re- 
sponsible for avoidance acquisition, it should 
be noted that those studies cited above, which 
measure fear of the CS by recording latencies 
to reenter the dangerous compartment, are 
severely confounded, If the acquisition of a 
competing response is postulated for what- 
ever reason, that response will typically inter- 
fere with the response necessary for reentry 
to the dangerous compartment, It is thus 
difficult to interpret these latencies as being 


solely due to fear of that compartment. It is 
for this reason that those experiments that 
measure fear of the CS independently of ap- 
paratus cues are a more desirable procedure. 
In one such study conducted by Kamin, 
Brimer, and Black (1963) this was accom- 
plished by means of a conditioned emotional 
response (CER) technique. Following vari- 
ous amounts of avoidance acquisition, avoid- 
ance extinction, or classical conditioning in a 
two-way shuttle box, the authors tested fear 
of the CS by measuring suppression of an 
appetitive bar-press response when the CS 
was presented in a different situation. They 
concluded that although a relationship does 
exist between the extent of avoidance extinc- 
tion and the diminution of fear, the fact that 
subjects which had already attained a moder- 
ate degree of extinction were still fearful of 
the CS implied that other factors were oper- 
ating to bring about avoidance extinction, 
Kamin et al. concluded that rather than ex- 
tinction of avoidance being caused by di- 
minished fear of the CS, it seems reasonable 
to conclude that prolonged extinction train- 
ing provides the opportunity for fear of the 
CS to diminish. Their closing statement was: 
“The data on the whole reveal a consider- 
able lack of parallelism between fear and 
instrumental behavior, and thus encourage 
speculation. that variables other than fear 
of the CS are largely responsible for the 
maintenance of avoidance behavior" (p. 
501). 

At this point the consideration that the 
avoidance contingency itself is primarily re- 
sponsible for a major part of avoidance re- 
sponding seems very attractive. This is not a 
new notion. Page and Hall (1953) as well 
as other researchers (Bolles, 1972; Herrn- 
stein, 1969; Herrnstein & Hineline, 1966) 
have suggested that the avoidance contin- 
gency is of prime importance in maintaining 
the avoidance response, However, Seligman 
and Tohnston (1973) have presented the 
most detailed account of the data in the form 
of à cognitive theory of avoidance learning. 
l'hese authors have cast their account in the 
nomenclature of outcome expectancies, How- 
ever, these expectancies may be considered 
roughly equivalent to associations 
traditional type (especiall 
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tions that promote associative formation are 
identical to those that produce expectancies ; 
see Seligman & Johnston, р. 105). Their 
theory assumes that the relationship between 
responding and the presence or absence of 
shock is the most critical factor in determin- 
ing avoidance behavior, They suggest that 
the subject forms expectancies that respond- 
ing leads to no shock and not responding 
leads to shock (these expectancies are ab- 
breviated respectively as rEs and TEs). The 
most important implication of this cognitive 
theory of avoidance for the present topic is 
that an expectation that responding at time ғ 
‘(such as during the CS) will produce no 
shock (ES) and not responding at time ; 
will produce shock (f,Es) can be formed 
independently ОЁ classical conditioning, In 
this way classically conditioned fear js not re- 
quired to vary directly as a function of avoid- 
ance responding, This alleviates the problem 
of discrepancies between fear (either moni- 
tored autonomically or inferred behaviorally) 
and stages of avoidance acquisition or ex- 
tinction. It also readily explains the efficacy 
of response prevention, As eligman and 
Johnston state: “The efficacy of standard 
avoidance extinction Procedures will, accord- 
ing to our theor ,bea function of how likely 
the animal is to Sample disconfirmation of 
TEs, Anything that Prevents an animal from 
producing г, with tota] reliability should lead 
to More sampling and faster extinction" (p. 
92), Similarly, the theory permit 
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two distinct learning events in the avoidance 
paradigm as does two-factor theory, But 
these are not the Same events. Instead of 
acquiring one association between the CS 
and UCS and another between the avoidance 
response and CS termination, avoidance 
contingency explanations assume the forma- 
tion of a CS-UCS association and an avoid- 
ance response — shock avoidance (or shock 
Omission or no shock) contingency, Accord- 
ing to the Seligman and Johnston (1973) 
theory, these Contingencies (or associations ) 
contribute to behavior in the avoidance situ- 
ation independently of each other, Little 
interaction associations js 


Contribute to its acquisi- 
lat result from 

ation do not significantly 
affect the acquisition, maintenance, Or extinc- 
tion of the avoidance response. This does 
permit an explanation of the dissociation be- 
tween Correlates of fear and the occurrence of 
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assertion is also sufficie 
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tendencies that are presumably determined 
by the prevailing cognitive expectations (or 
associations) ? 

We must ask the same question of the 
CER procedure. It is possible that suppres- 
sion of the appetitive bar-press response is 
not solely a measure of fear of the CS but is 
also influenced by competing response tend- 
encies. The CS in the CER paradigm may 
increase the tendency to perform the avoid- 
ance response because of the Ез cognitive 
expectations. There is some hint that CER 
suppression ratio is a function of both re- 
actions in the Monti and Smith (1976) ex- 
periment, According to the Seligman and 
Johnston (1973) assumption of independence 
of emotional and cognitive components of 
avoidance behavior, the amount of fear 
elicited by an equal number of CS-UCS and 
CS-no-UCS pairings, whether or not these 
pairings occurred in an avoidance paradigm 
or a classical conditioning paradigm, should 
be the same. Thus, if the CER procedure 
measured only fear of the CS then it should 
have revealed equal suppression ratios for 
Groups CD-B (classical defensive, blocked) 
and A-B (avoidance trained, blocked) and 
for Groups CD-NBHC (classical defensive, 
nonblocked in home cage) and A-NBHC 
(avoidance trained, nonblocked in shuttle 
box). Monti and Smith controlled for the 
number, duration, and sequence of CS-UCS 
and CS-no-UCS pairings for the pair of 
blocked and nonblocked groups. The data 
show that somehow the presence of the 
avoidance contingency lowered the suppres- 
sion ratio fpr Groups А-В and A-NBHC in 
comparison to their respective classical con- 
ditioning controls. If the CER. procedure 
measures only fear then the Seligman and 
Johnston assumption of independence of the 
emotional and cognitive components 1s in- 
correct. If the CER measures fear as well as 
the cognitive component (via the tendency 
of such a component to evoke competing 
responses) then the Seligman and Johnston 
account may be accurate, and the CER sup- 
pression measure is to be faulted for its lack 
of specificity. If both processes (emotional 
and cognitive) are independent of each other, 
as Seligman and Johnston suggest, the tend- 
ency of classically conditioned groups to show 


less suppression than avoidance-trained 
groups is explained by assuming that the 
avoidance-trained animals were as frightened 
of the CS as the classically trained animals, 
but their suppression ratios were augmented 
by competing response tendencies. A CS pre- 
sentation for the avoidance groups lowers bar 
pressing because the animals are frightened 
and because they have a tendency to engage 
in the avoidance response. Without complete 
assurance that our measures reflect fear only 
or competing response tendencies only (de- 
veloped through cognitive expectancies), one 
can neither prove nor disprove the Seligman 
and Johnston hypothesis nor make accurate 
conclusions about the nature of avoidance 
acquisition, extinction, or response preven- 
tion techniques. It is essential that uncon- 
taminated measures of each component be 
developed. Measurement of autonomic states 
may provide the best means of assessing the 
emotional component, since they seem to be 
least affected by trained competing skeletal 
responses. 


TECHNIQUES OF BEHAVIOR THERAPY 


The lack of close concomitance between 
changes in fear states and cognitive expect- 
ancies either inferred behaviorally or as- 
sessed directly through verbal reports follow- 
ing implosive or flooding therapy with 
humans has been reported by several re- 
searchers, Riccio and Silvestri (1973) have 
reviewed several reports of this nature and 
generally agree with the thesis that emo- 
tional and cognitive components of human 
avoidance behavior can be manipulated in- 
dependently. If there is any merit to this 
position one is immediately compelled to 
question the value of eliciting fear or anxiety 
in the therapeutic setting. It will be recalled 
that early experimental investigations of ani- 
mal avoidance behavior led to the suggestion 
that fear must be evoked in order to extin- 
guish Pavlovian associations to the CS and 
in turn remove the motivation and rein- 
forcement for avoidance behavior. If the 
notion that cognitive expectancies lead to the 
occurrence of the avoidance behavior inde- 
pendently of anxiety, then it is quite possible 
that evoking fear is an unnecessary aspect of 
the implosive technique. It is possible that 
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methods of desensitization also bring about 
changes in behavior by training the expect- 
ancy TES (not performing the avoidance Te- 
sponse leads to no aversive event during this 
particular stimulus situation). The training 
in relaxation may merely prevent the onset 
of undue and nonessential excess amounts of 
arousal, ee 
ОЁ course, a measure of how much fear is 
evoked by a CS will vary directly with how 
rapidly that CS js extinguished. But this 
does not mean that the evocation of the fear 
causes the extinction, The fear may simply 
be an indication that the CS has been pre- 
sented long enough to approach that t at 
which the expectation of shock is greatest, 
When inhibition of delay has developed to a 
CS of long durations, short Presentations of 
that CS, although unpaired with a UCS, will 
not bring about extinction because the ex- 
pectation of the UCS at time ¢ (so man 
seconds or minutes of CS presentation) has 
not been disconfirmed (Seligman & John- 
ston, 1973, make this same argument), 
Therefore, it is to be expected that extinc- 
tion will Vary as a function of the amount of 
fear elicited, but only because the fear is an 
indication of the prevailing Cognitive ex. 
pectation, Rather than assuming that the 
anxiety that may be elicited in 4 therapeutic 
Procedure is a causative ingredient in þe- 
havioral change, it may be more accurate to 
view it simply as an indication that expecta- 


tions are strong at this point and therefore 
ripe for disconfirmation, 
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Encoding the Levels of Information in Pictures and Words 


Alinda Friedman and Lyle E. Bourne, у. 
University of Colorado 


SUMMARY 


From a levels-of-processing framework (e.g., Craik & Lockhart, 1972), we derive 
the idea that the levels of information implicit in a stimulus, such as its physical 
configuration, its name, and the category to which it belongs, may become available 
for subsequent processing at different times after stimulus onset. In particular, 
tasks which allow the use of physical codes should be performed more rapidly than 
those which require “deeper” information. There are two important implications 
here: The first is that the ability to use a code does not mean that that code has 
been “matched to” a representation in memory. The second is that “depth” effects 
(ie, physical < name < conceptual) should be demonstrable within both pictorial 
and verbal materials. The approach as a whole may be contrasted with current dual- 
coding approaches (e.g. Paivio, Note 1), which, while they allow for different levels 
of meaning in both verbal and imaginal symbolic systems, seem forced to assume 
that certain types of conceptual information are more easily accommodated. within 
the verbal system. This leads to the prediction that some kinds of conceptual in- 
formation will not be directly available from pictures, but must instead become 
available to the subject via an interaction between the symbolic systems. 

We tested these assumptions with a speeded-inference task (Van Rijn, 1973), 
which has properties that allow for unambiguous interpretation of reaction time 
differences across stimulus materials which require processing to the same explicit 
depth. Briefly, we found that pictures yield faster inferences than do words when 
the same semantic information is required for performance (Experiments 1 and 2), 
and that physical information is available sooner than conceptual information for 
both pictures (Experiment 4) and words (Experiment 5). Moreover, some types 
of pictorial materials (e.g. representations of proper nouns) function symbolically 
to the extent that they do not have an advantage in discriminability over words 
(Experiments 6 and 7), unless physical features are added to them which are re- 
dundant with the conceptual information the subject needs to perform. (Experiment 
8). 

The results are best interpreted within a levels-of-processing framework, in which 
multiple codes or representations do not exist to be activated by the appropriate 
stimuli, but rather the stimuli themselves embody levels of information which are 
cncoded and used as needed. 


169 


170 ALINDA FRIEDMAN AND LYLE E. BOURNE, JR. 


or skills stored such that they can be used 
for cataloging subsequent events? From this 
Perspective, it follows that “new” events are 
recognized by matching them to stored 
events, so that hypotheses about stimulus or 
event encoding are also reducibl 
tions of representation, 


(Craik & Lockhart, 1972; Posner, 1969), 
According to this approach, any stimulus (or 
experience) allows encoding along a multi- 
plicity of informational dimensions, ranging 
from purely physical (e.g., lines, angles) to 
Strictly cognitive qualities implicit in the 
stimulus by virtue of its re] 
cept or conceptual category, 
the “stimulus-as-coded” is a flexible entity 
which depends on the operations that à sub- 
ject is required to and/or does perf 

the abstracted information, It i 
Moreover, that both the subject 
perimenter may “tap into” 
Process at different levels, 


ation to a con- 
In this View, 


context? 
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nability, еїс.), Чеерег information should be 
equally derivable from pictures and words; 
but (b) when picture-word differences do 
occur, they are encoding phenomena which 
Tesult because task requirements generally 
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formation become available for use in sub- 
sequent processing. The task a subject is 
faced with may or may not allow him to 
make use of a particular type of information. 

The idea that different levels of informa- 
tion are implicit in the stimulus is derived 
from the latter framework. We believe that, 
in fact, the processing of all available stim- 
ulus information begins at stimulus onset; 
however, we do not believe that recognition 
entails a “memory match” or, for that mat- 
ter, that recognition is an appropriate con- 
struct for many of the tasks in which it is 
assumed to occur. Tasks which allow the 
use of physical information will generally 
be performed faster than those which do not, 
regardless of whether stimuli are pictures, 
words, or three-dimensional objects, simply 
because the physical information is available 
as a code sooner than name or conceptual 
information. However, the latter information 
is implicit in the stimulus and its availability 
does not necessarily rely on having named 
the stimulus or having processed it as a 
bundle of physical features. 

At this point, a digression is in order so 
that we may clarify what we mean by state- 
ments like "pictures may be identified sooner 
than words on the basis of physical dis- 
criminability." We believe that a stimulus 
is “identified” at a highly abstract level of 
meaning prior to, or possibly simultaneously 
with, the extraction of other information 
from it. Identification does not imply recog- 
nition, nor does it imply that such tacit 
knowledge is consciously accessible to the 
subject (see Turvey, 1974). A good analogy 
would be a computer programmer who is 
trying to get his program to execute a READ 
statement in FORTRAN which has mis- 
takenly been formatted to expect real num- 
bers; instead, it finds alphanumeric informa- 
tion and aborts, What is puzzling to the 
programmer is that the compiler seems to 
"know" some very general and logically 
more abstract information about the data 
class prior to being able to read and/or 
recognize the specific data input. For the 
present purposes, by identification of the 
stimulus, we simply mean that the subject 
knows, in the sense that the compiler does, 
which stimuli have been presented and may 
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now proceed to encode those stimuli along 
physical, name, and conceptual dimensions. 
While this viewpoint is, of course, different 
from the Craik and Lockhart (1972) pro- 
posal that subjects encode successive levels 
of information from the outset, we believe 
that the theories are compatible to the ex 
tent that they both assume, as far as avail- 
ability is concerned, that physical information 
will generally be available to consciousness 
sooner than name or conceptual information. 
Moreover, we agree with their assumption 
that memory representations of these differ- 
ent codes exist as by-products of the encod- 
ing process and are not necessary to the 
extraction of information from the stimulus. 

Both our own views and the approach out- 
lined by Posner (1969) and Craik and Lock- 
hart (1972) are in turn different from a 
dual-coding approach. While Paivio (1971, 
Chapter 3) has explicitly allowed for multiple 
levels of meaning in both imaginal and ver- 
bal systems (specifically representational, 
referential, and associative meaning), he has 
also stressed the functional differences be- 
tween the systems. For example, 


The relations among the functions vis-à-vis the 
two symbolic systems can be informally summarized 
as follows: imagery is relatively better than the 
verbal system for representing and coping with 
the concrete aspects of a situation, with trans- 
formations, and with parallel processing in the 
spatial sense. The verbal system is superior in 
abstract and sequential processing tasks. (p. 38) 


Also, 


Thus imagery is assumed to be specialized for 
the symbolic representation of concrete situations 
and events, speed and flexibility of transforma- 
tional thinking. . . and parallel processing in the 
visual-spatial sense. The verbal system, on the 
other hand, is presumably characterized by its 
capacity to deal with abstract problems, concepts, 
and relationships, and for processing sequential 
information. (p. 434; italics added) 


Moreover, in order to save the image from 
the classic criticism that images can neither 
mediate nor represent abstract, generic 
knowledge, Paivio (Note 1) resorts to the 
argument that general ideas may be repre- 
sented via specific exemplars which are in 
some sense prototypical of a class, Indeed, 
Rosch (1975) has shown that priming with 
a category name facilitates physical identity 
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КО сыс pK ed ae lb 
gi members only. ) , 

а that while “basic objects” (egn dog, 
shoe, car) may indeed be representa г уа 

“averaged shape” of all their particu soe 
stances, this is not the case at the leve o 
superordinate (generic) objects (eg. un 
mal, clothing, vehicle) (Rosch, N ceva, 
Gray, Johnson, & Boyes-Braem, in press). 
In other words, we may image a generic 
dog, which combines the essential visual 
properties and shape of all dogs; however, 
we do not have a comparable Image of 
animal. 

What is important for the 
ment is that if a dual-codin 
be viable, it must assume that superordinate 
generic information about instances of con- 
cepts is probably mediated via the interaction 
between the imaginal and verbal symbolic 
systems; an instance or picture of 
“matches” its stored im 
which may in turn “contact” the correspond- 
ing Tepresentation in the verbal system, from 
which we may derive information such as its 
name, that it is an animal, that animals 
breathe, and so on, The implication is that 


certain types of conceptual information 
should not be directly available from pictures 
of specific instances and should at the very 
least require commerce between the two sys- 
tems, 


In order to test thes 
need a task in which 
clearly separable from other Operations, We 
then need to demonstrate levels-of-processing 
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that allows us to separ 
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TION FROM 
ENCODING SEMANTIC INFORMATION FRO 


PICTURES AND Worps 


One mechanism that can ce ШУ ЕЧ 
duce performance differences across di one: 
levels of information (e.g. shape E е. 
name versus category) is simply that ¢ — 
information is more difficult to encode wi 
quires different and more complex P 
dures than does physical information. Ne 
relationship should hold for pictures per 
às words; in particular, pictures shoulc i Л 
need to be “recoded” in order to ager 
deeper information from them, In am - 
demonstrate this unambiguously, we ЦЕ . 
task in which we can manipulate stimu A 
materials along dimensions which we em 
require more or less analysis, in which =з 
information required for performance 15 15 
plicitly defined and constant across ip c ini 
materials, and in which there is some ls n 
tive way of determining that the stimt 


manipulations affect 


; any 
encoding and not ? 
other 


operations required for performanse 
The samc-different task used by ir oa 
(1969) and others to study processing. im t 
for various levels of information is oT 
in the latter two requirements, First, ra 
this task, the basis of the subject's mate i 
no-match decision is not explicit and mus 
be inferred. from reaction time differences 
across stimulus materials, Second, there i 
no sure way of separating stimulus encoding 
from other possible mental 
volved in the task, 
which the stimulus- 
tions which use th 

Figure 1 shows 
We believe satisfie 
adapted version 


ne 

processes p 
rask if 

and we need a task 


at code are separable. . 

à model for a task which 
5 these requirements—an 
of the two-stimulus, sub- 
ject-paced inference task (Daehler, 1972; 
Huttenlocher, 1962). In this task, the basis 
of the subject’s response is explicit in the те 
Sponse itself, and there is a built-in check 
for the independence of stimulus encoding. 
To illustrate. the task, 
four stimuli which y 


or 
ary on color s "e 
Р : Г dimen- 
blue) and form (circle or square) 


sions. We present a subject with two 
Successive stimuli which have a common 
value on one dimension and a different 
value on the other (e.g., а red square and 


as-coded and the opera- 


re are 
suppose there a 
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а red circle) and ask him to make an 
inference about which one of the four pos- 
sible stimulus values is relevant. The cor- 
rect value will depend on the predetermined 
assignment of each stimulus. For example, 
if we have told the subject that both stimuli 
contain the relevant value and are, there- 
fore, positive instances (++), then a red 
square followed by a red circle require the 
response red. However, the same stimulus 
Sequence requires the response blue if the 
subject has been told that neither stimulus 
Contains the relevant value (— —). Simi- 
larly, we may have the subject make + — 
(square) and — + (circle) inferences. Van 
Rijn (1973) required his subjects to make 
these inferences as quickly as they could, and 
Showed that when type of inference is a be- 
tween-subjects variable, the order of dii- 
ficulty (reaction time to solve correctly) is 
th<--<-+=4-. 

The model in Figure 1 is based on these 
data. It assumes that once the relevant 
Characteristics (of geometric designs) have 
been abstracted from the stimuli, ++ sub- 
Jects respond with the value common to both 
stimuli and —— subjects transform the com- 
mon value to its complement and respond 
with the complement. We hypothesize that 
the only difference between ++ and —— 
conditions in Van Rijn's study is the addi- 
tional mental operation that —— subjects 
must perform in the problem solving stage. 
All of the inferences or problem solving 
operations take place after the stimulus is 
encoded. We assume that the encoding 
stage involves the identification (as pre- 
viously defined) of which two of the four 
possible stimuli have been shown and the 
subsequent abstraction of the characteristics 


у 


ABSTRACT RELEVANT 
CHARACTERISTICS 


Stimulus Encoding 
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necessary for solution. Note that while we 
are here assuming that the task may be 
divided into discrete stages (ie., encoding 
and problem solving), the encoding of the 
stimuli cannot. We simply assume that at 
some point after presentation of both stimuli, 
the subject has the information he needs in 
order to proceed. 

In the speeded-inference task, stimulus 
instances that are geometric designs require 
only superficial processing, since the solu- 
tion to any problem is physically explicit in 
the stimuli, We wanted to design formally 
identical problems which would require a 
deeper level of analysis before solution-rele- 
vant characteristics would be available. To 
illustrate, suppose hippo, mouse, bus, and 
car are the instances, with attributes 
(LARGE or SMALL) and categories (ANIMAL 
or VEHICLE) as dimensions. The relevant 
values are characteristic of the stimuli but 
are not (necessarily) inherent in the stimulus 
configurations, The subject cannot deter- 
mine the solution from any physical feature 
of either a picture or a word and must per- 
form a deeper analysis to obtain the informa- 
tion he needs. к. 

Suppose we presented these “semantic” 
problems with the instances represented as 
either pictures or words. The first thing to 
notice is that the subject must abstract and 
explicitly name exactly the same information 
(ie, one of the four values) regardless of 
stimulus modality, Thus, comparisons can 
be made across stimulus materials with the 
information required for performance kept 
constant. The simplest expectation based 
on the model of Figure 1 and an analysis of 
task requirements is that reaction time will 
be the same for pictures and words. If re- 


Problem Solving 
d 
= 


RESPOND 


Ficure 1, Process model for the speeded-inference task. 
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action time differences are observed, 35 
ever, conclusions regarding encoding dif- 
ferences will be valid only if the difference 
in stimulus materials affects the epe 
operations and nothing else. Our model A 
the task has a built-in check for whether the 
stimulus-as-coded can be separated from sub- 
sequent operations which use that Foue о 
argument is similar to Sternberg’s ( 969) 
demonstration that after practice in a 
memory search task, a visually degraded 
probe stimulus changes the y-intercept but 
not the slope of the reaction time function 
across different target set sizes. We pro- 
pose that if changing stimulus materials 
(from pictures to words) affects stimulus 
encoding and not problem solving, the re- 
action time difference between ++ and —— 
inferences will remain constant across ma- 
terials, This allows us unambiguously to 
assign differences between materials to stim- 
ulus encoding operations alone. On the 
other hand, if there is an interaction between 
stimulus materials and type of inference, 
“then the stimulus-as-coded must somehow 
affect problem solving operations. If this is 
the case, we cannot unambiguously interpret 
a reaction time difference between pictures 
and words, and we would hesitate to argue 
that it arises because of differences in encod- 
ing operations per se. 

If the reaction time difference between 
++ and —— is constant, however, there 
are two hypothetical situations that can 
occur when subjects are required to abstr: 
identical semantic inform 
picture or word stimuli, The first possibility 
is that there will be no picture-word differ- 
ence, and we would conclude that abstract- 
ing the same semantic information from 
either two pictures or tw 
similar if not identical processes for purposes 
of this speeded-inference task. This is the 
prediction of a literal levels-of-processing 
interpretation of stimulus encoding, since 
the task can only be completed after the stim- 
uli are processed to the semantic level. The 
second possibility is that there will be a 
picture-word difference in reaction time, 
A “looser” levels-of-processin 
can account for the situatior 
tures are faster than words, 


act 
ation from either 


О words requires 


g interpretation 
n in which pic. 
using reasoning 
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, 
analogous to that used for the “CC vs. Aa” 
effect in Posner and Mitchell’s (1967) same- 
different reaction time task. The effect is 
commonly attributed to the more rapid avail- 
ability of physical information than name 
information, In our task, since the semantic 
information needed for correct performance 
is fixed and explicit across materials, a 
picture-word difference in favor of pictures 
can result only from physical differences be- 
tween pictures and words which cause pic- 
tures to be more easily discriminated from 
one another, Once the stimuli have been 
discriminated or identifed, determination of 
the relevant characteristics from them should 
take a constant amount oí time. On the 
other hand, a dual-coding model ( Paivio, 
1975, Note 1), with its emphasis on differ- 
ences in the representations of pictures and 
words, can more easily accommodate a reac- 


tion time difference in favor of words. This 
approach currently assumes that the verbal 
symbolic system is better suited for repre- 
senting generic information, such as the cate- 


sory to which a specific event (e.g., a hippo) 
may belong. Thus, if words are faster than 
pictures, it seems Teasonable to conclude that 
Pictures and words are equally discriminable, 
but that semantic information can be derived 
directly from words, while pictures have to 


be recoded (ie., the imaginal code must 
contact its verbal counterpart), Such a 
finding would also Support a memory-match 
view of recognition, The experiments which 
follow were designed to try to distinguish 
among these alternatives, j 
For purposes of cl 

Paper, we use the foll 
the independent vari 
ference, refers to 


arity throughout the 
owing terminology for 
ables. Problem, or in- 


a particular inference condi- 
tion ; except for Experiment 1, subjects made 
only +4 or —— inferences, and this was 
always ab 


etween-subjects variable, Stimulus 
type refers to all manipulations that result in 
stimuli which are different from one another 
т kind but may represent the same concept 
(e.g., pictures Versus words, shapes versus 
names of States, words printed in color 
Versus words printed in black ink, etc.). 
Vithin stimulus types, there are al ways only 
Our unique instances (eg, hippo, mouse, 


bus, and car). Two of these are shown for 
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each trial, yielding eight unique trial types 
(e.g., hippo-mouse and mouse-hippo are 
two different trial types). The eight trial 
types map into four relevant values or solu- 
lions.(e.g., in a ++ problem, hippo-mouse 
and mouse-hippo will both yield the solution 
ANIMAL), which in turn map into two 
dimensions (e.g. the relevant values ANI- 
MAL and VEHICLE belong to the category 
dimension). The relevant dimension is the 
dimension which contains the relevant value 
for a particular trial type within a particular 
inference condition. 

In Experiment 1, we replicated Van Rijn's 
(1973) study with semantic stimuli pre- 
sented as either pictures or words. We in- 
cluded all four inference conditions, ++, 
+=, —-, and —-, to insure that the 
change from geometric designs to semantic 
stimuli did not affect the order of problem 
difficulty. However, we were mainly inter- 
ested in the ++ and —— conditions, in 
which the likely processing strategies are 
clearer. We compared reaction times for 
both pictures and words across inference 
conditions in an effort to show that stimulus 
identification, as well as the abstraction of 
information from the stimuli, does not inter- 
act with subsequent processing stages. 


Experiment 1 
Method 


Subjects and design. The 48 subjects who 
participated in the experiment each received $1.50. 
They were randomly assigned in equal numbers 
to one of eight conditions generated by the fac- 
torial combination of problem (++, ——, —+, and 
+—) and stimulus type (pictures or words). 

Stimuli, A 2X2 matrix was constructed from 
attribute (LARGE or SMALL) and category (ANIMAL 
or VEHICLE) dimensions, and instances were 
found which exemplified the combination of 
relevant values for a given cell. Hippo was used 
for LARGE ANIMAL, mouse for SMALL ANIMAL, bus 
for LARGE VEHICLE, and car for SMALL VEHICLE, 
Thus, there were four trial types 1m which a cate- 
gory was common to both instances (e.g, hippo- 
mouse, mouse-hippo, bus-car, and car-bus), and 
four in which an attribute was common to both 
instances. (e.g, hippo-bus, bus-hippo, mouse-car, 
and car-mouse). None of the solutions were 
physically present in the instances. For example, 
there was nothing in the configuration of either 
the word or the picture (an outline. drawing) 
hippo which demonstrated that a hippo is a LARGE 
ANIMAL. This is a fact that the subject must 
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know or determine írom the configuration pre- 
sented in order to perform the task. 

Procedure. Van Rijn’s (1973) procedure was 
followed as closely as possible. The subjects were 
seated in íront oí a rear projection screen. Under 
the screen were two lights which indicated the as- 
signment of the stimulus (ie, whether or not it 
contained the relevant value). After the nature 
oi the problems and solutions were described to 
the subject, he had 8 practice problems, followed 
by 72 working problems. The first block of 8 
working problems was not used in the data analy- 
sis, so each subject yielded a total of 64 data points. 
The eight trial types were randomized for each 
block of 8 trials. 

A trial consisted of the following sequence of 
events: (a) The subject pushed a start button; 
(b) after a delay of about .5 sec, the first slide 
came on, causing a photocell to activate a milli- 
second timer. (с) When the subject pressed the 
button again, the timer was stopped, the second 
slide (from a different projector) replaced the first 
slide instantaneously, and a second timer was 
started. (d) The subject spoke his response into 
a Grason-Stadler voice key, causing the second 
timer to stop. (e) The experimenter recorded the 
two times and reset the apparatus for the next 
trial, 


Results and Discussion 


The rejection region for all of the follow- 
ing analyses is р < .05, and all 175,5 are re- 
ported in milliseconds, The mean of both 
the first and second reaction times for each 
block of 8 trials was calculated for every 
subject, with error data omitted. Table 1 
shows the mean reaction times and error 
rates for the four inference conditions; each 
mean is based on 192 scores (2 reaction times 
per block Х 8 blocks per subject X 12 sub- 
jects per condition), The data from Van 
Rijn’s study, using geometric stimuli, are in- 
cluded for comparison, Planned orthogonal 
contrasts showed that we replicated Van 
Rijn’s essential results with semantic stimuli; 
the ++ inferences took less time than the 
— — inferences, (1, 44) = 15.56; the +— 
and —+ inferences were not reliably differ- 
ent from each other, F(1, 44) <1; and the 
average reaction times to solve ++ and —— 
inferences were reliably faster than those to 
solve +— and —+ inferences, F(1, 44) = 
17.96, MS, = 359,281.53. It is likely that 
the subjects in the latter two conditions used 
a much more heterogeneous set of strategies 
than did the subjects in the ++ and —— 
conditions; in any case, for present purposes, 
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1975). Since car was the only one of the 
four instances which might be considered 
prototypical of its category, a dual-coding 
approach should predict that for picture 
stimuli, trials with the size dimension rele- 
vant should be responded to faster than trials 
with the category dimension relevant, while 
for word stimuli, there should be no differ- 
ence between the dimensions. Accordingly, the 
partitioned data were analyzed in a mixed 
design with problem and stimulus type the 
between-subjects variables and reaction time 
and relevant dimension the within-subjects 
variables, The main effect of relevant di- 
mension, F(1, 20) = 7.12, and the Relevant 
Dimension x Problem interaction, F(1, 20) 
= 8.36, М5, = 13,334.93, were the only new 
reliable effects. Table 3 shows the second 
reaction times for the interaction. The dual- 
coding predictions were not supported ; there 
is virtually no difference between category 
and attribute trials in the +-+ condition for 
either pictures or words, In the —— condi- 
tion, however, the category dimension took 
longer than the attribute dimension, and the 
difference was similar for both pictures (148 
msec) and words (195 msec). Since the 
category-attribute difference was roughly the 
same across stimulus materials, but inter- 
acted with problems, the locus of the effect 
seems likely to be in the problem solving 
stage. One possible explanation derives 
from the fact that the attribute values we 
used were linguistic opposites, while the 
category values were not; this would facili- 
tate the proposed complement-taking opera- 
tion for —— subjects but would not be ex- 
pected to affect the ++ subjects. 

The results of Experiment 1 can be sum- 
marized as follows. First, since the relative 
reaction time difference between ++ and 
— — was constant across stimulus materials, 
with solution characteristics held constant 
and explicitly known, we can be sure that 
stimulus encoding does not interact with 
problem solving operations and that the pic- 
ture-word difference in speeded inference 
resides in the stimulus encoding stage. 
Second, the relevant dimension interacted 
with inference type independent of stimulus 
modality, and we can therefore tentatively 
assign the category-attribute difference to 
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TABLE 3 


Mean REACTION TIMES FOR CATEGORY AND 
ATTRIBUTE RELEVANT DIMENSIONS AS А 

Ў or STIMULUS TYPE AND 

E FOR EXPERIMENT 1 
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Category 777 1,140 917 1,303 
Attribute 800 992 937 1,108 
Category — 
Attribute: —23 148 —20 195 


the problem solving stage. Both of these 
results lend support to a levels-of-processing 
interpretation of stimulus encoding, in which 
encoding involves both tacit identification of 
the stimulus and abstraction of characteris- 
tics which will be relevant to the task at 
hand. Despite the fact that the present task 
explicitly required abstracting the same se- 
mantic characteristics from both pictures and 
words, there was a small but significant dif- 
ference in the encoding time in favor of pic- 
tures. This suggests that there were dif- 
ferences in discriminability among the pic- 
tures which allowed them to be identified 
from among one another sooner than the 
words could be. 


Experiment 2 


The purpose of Experiment 2 was three- 
fold: First, we wanted to replicate the pic- 
ture-word effect of Experiment 1. Second, 
the inferences we made about the data from 
Experiment 1 were based on the assumption 
that both stimulus encoding and problem 
solving operations were measured by the 
second reaction time (time from the onset 
of the second stimulus). To obtain a cleaner 
and more rigorous measure of these effects, 
we held the duration of the first stimulus 
constant in Experiment 2 and measured re- 
action. time from the onset of the second 
stimulus, Third, we have argued that the 
picture-word effects in а speeded-inference 
task reside in the stimulus encoding stage. 
But since all subjects responded verbally 
subjects who received word stimuli might 
have experienced a form of response inter- 
ference, which would confound this inter- 
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pretation. We tested this by replicating the 
++ and —— conditions of Experiment 1, 
having half the subjects respond verbally 
and half respond by pressing buttons. The 
picture-word difference should vanish or 
reverse itself in the button group if response 
interference was responsible for it, 
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the category and attribute dimensions were 
linguistic opposites ; in the Aftribute-op posite 
condition, only the relevant values of the 
attribute dimension were linguistic opposites. 
Similarly, in the Category-opposite condi- 
tion, only the category dimension had linguis- 
tically opposite relevant values, and finally, 
neither dimension had linguistically opposite 
relevant values in the None condition. 

According to our reasoning about the 
properties of the task, it will be inappropri- 
ate to make comparisons across conditions, 
since the different stimulus matrices in- 
volved may require different amounts of 
analysis to completely encode their particular 
instances. However, we may compare the 
time required to find the complement of the 
common value for the category and attribute 
dimensions within each of the four condi- 
tions, to show whether linguistic “opposite- 
ness" was the factor underlying the original 
category-attribute difference, More specifi- 
cally, we have hypothesized that the “time- 
to-complement” the common value is the 
only operation which distinguishes —— from 
++ inferences; this time may be estimated 
for each dimension within a condition by 
subtracting the mean ++ from the mean 
— — reaction times for that dimension, If 
our hypothesis is correct, the time-to-com- 
plement category and attribute values should 
be equal in the Both and None conditions, 
since linguistic oppositeness is either present 
or absent from both dimensions. On the 
other hand, in the Attribute-opposite condi- 
tion, the  time-to-complement attributes 
should be shorter than the time-to-comple- 
ment categories, and in the Category-opposite 
condition, the reverse should be true. This 
is the same as saying that for these condi- 
tions, a property of a particular relevant 
dimension interacts with inference type dur- 
ing the inference or problem solving process 
and not during encoding. 


Method 


Subjects and design. The subjects were 48 under- 
graduates, who participated in the experiment for 
course credit. The first 36 subjects were ran- 
domly assigned to one of the conditions formed 
by the factorial combination of problem. (++ and 
==) and the number and type of dimensions whose 
yalues were linguistic opposites (Both, None, 
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Category opposite, and Attribute opposite). Our 
initially constructed Category-opposite stimulus 
matrices were extremely difficult, and because of 
the time required to get new stimulus materials, all 
12 subjects in the Category-opposite condition 
were tested during the final week of the semester. 
For these reasons, 12 additional subjects were run 
during the following semester as a replication of 
the Category-opposite condition. 

There were two different stimulus matrices for 
each condition; half the subjects received Matrix 
A first and half received Matrix B first. In- 
stances were found for the cells of each matrix, 
again yielding eight trial types; four in which 
the category of the instances was the same (e.g. 
hippo-mouse, mouse-hippo: ANIMAL) and four in 
which the attribute was the same (e.g., hippo-bus, 
bus-hippo: LARGE). There were eight trials in a 
block, one of each trial type in a random order. 
All of the stimuli were presented as words, The 
stimulus materials are shown in Table 4. 

Procedure. The subjects received one block of 
practice and then four more blocks of trials on 
each stimulus matrix in their condition. Other- 
wise, the procedure was identical to the voice group 
of Experiment 2. 


Results and Discussion 


The error rates were 2.1%, 3.4%, 2.0%, 
and 4.3% for Both, None, Attribute-oppo- 
site, and Category-opposite conditions, re- 
spectively. Within each condition, a mean 
reaction time was obtained for ++ and —— 
inferences in which either an attribute or a 
category was the relevant value, and the 
difference between these means (ie. the 
time-to-complement that dimension) was ob- 
tained, These data are shown in Table 5. 

The difference between the time-to-com- 
plement attributes versus categories was 
tested against the standard error of the dif- 
ference between both inference types within 
a condition, combined across relevant di- 
mensions. As predicted, the attribute di- 
mension was “easier” than the category 
dimension only in the Attribute-opposite 
condition, #(22) =2.58, and the category 
dimension was easier than the attribute di- 
mension in the Category-opposite condition, 
1022) = 4.00, and in the replication of the 
Category-opposite condition, #(22) = 4.82, 
There was no difference in complement- 
taking times between the dimensions in 
either the Both or None conditions, 

= p these results confirm the hy- 
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ае E 1 " subjectis n iking inferences 

е common value and find its com- 


` 180 ALINDA FRIEDMAN AND LYLE E. BOURNE, JR. 


TABLE 4 


| 


| 


= 
Matrix B 
Condition Wai 
LIQUID MALE 
[му 7 | 
i YOUNG boy girl 
VHITE salt milk YOUNG у g : 
Both рату | coal Coffee | OLD | father mother | 
SSS нс i 
FRUIT BIRD ANIMAL BOAT 
[ш TE — 
None RED apple robin | SMALL mouse | > 
E YELLow banana canary FAST | ch | 
Ban 5% | ыыы 
TIME CLOTHING ANIMAL 
р | [c 
ibute o DOsite LONG hour gown LARGE hippo 
Attribute ies SHORT | minute skirt SMALL | Mouse 
| ыы 
SOLID LIQUID FRUIT 
Category Opposite BLACK coal Coffee "us ; ан 
COLD ice eer 


SM favor о Pictures When per. 
values that are linguistic Opposites, this pro lormane, Tequires disc. imin ting а Stimulus 
cess is facilitate r Tom am ng à set of пег р SsiDilities b 

оге pr Seeding with the task An example 
General Discussion E this j е inc Case reaction time ob 
tained wh obe s mulus in à memor 
Taken together, the results Of the first Search task is Visually de radeq (Sternber, 
two €xperiments Tule out 4 trict levels.of. 1 9), t nly codin t 
Processing interp; etation, w hich w ould claim NeCessar ful pe ed opera cie 
that pictures Should have been €qual to Words Чеп Вс, t Derha ance 15 the 
simply on the rounds that the same depth 16 stimulu spe а | 
of information Was required from both, The quires fy t s erence task 
also seem inconsistent with a ual-coding O procee ‘sequent eni 
Уро ез. » however since y ords, whic} ions, It ‘Mair : 2 Opera. 
Should have more direct access to semantic !5e this taa oaeen whet We c 
Or generic information were slower than 1 tle ab, М dig x erences 
Pictures, Т hey ar Consonant With an inter. O'mation twit), t erent in- 
Pretation Which sa that the same Semantic general t Pictures and wo The 
information should in act he eq ally deri, nabilit ган that Wit] rimi 
able from po 1 pictures ay 5, but that Solution Pie antic ор Ptual 
Pictures may contain Physica] Tmation onger п ation sho quire 
Which p akes them more "Minably dif. informatio acs © ап shoul Physical 
n 1 Опе another (n eadily ident ж É stim | dalit 
table П are words From this view. 5 ов р - | 
Point, the 1 &word q rence in Speedeq levers ш Phocessiy Witiy Pictur 
Inferen San encoding Phenomenon which AND Wors 
results from differe; in identifiabilit I Perlen, 4 
Other у "ds, y ithin 'S-OF- processin In sent 
Tamewo К, т expect Tea tion t demonst an artifi ar прес 
“Word gif 


ference, using only picture stimuli, by vary- 
ing whether the relevant values were physi- 
cally present in the pictures. In other words, 
we tried to manipulate the depth of pro- 
cessing which would be required to abstract 
a relevant characteristic from pictorial stim- 
uli for a speeded inference. Characteris- 
tics physically present in the stimulus should 
become available to the subject sooner than 
characteristics which are not physically pres- 
ent, but once available, should not influence 
subsequent processing stages. This results 
in the prediction that with the same picture 
stimuli, inferences with "perceptual" solu- 
tions will be faster than inferences with 
“conceptual” solutions, and the facilitation 
will be confined to the stimulus encoding 
stage of the task. 


Method 


Subjects. The subjects were 40 undergraduates, 
who participated for course credit, and were 
divided equally among the four experimental 
groups. 

Materials and design. In an attempt to avoid 
confounding frequency or familiarity with depth 
of processing, we used the nonsense creatures pic- 
tured in Figure 2 as stimulus instances. Four of 
the eight possible trial types which can be created 
from these instances have either HORNS or TAILS 
as their solution, Since HorNs and TAILS are 
pictured in the instances, this dimension was a 
perceptual dimension for all subjects. The only 
difference between the perceptual and conceptual 
conditions was in what the subjects were to call 
the relevant values of the four remaining trial 
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types. In the perceptual condition, the subjects 
were told that RouND and sQUARE were the other 
relevant values; again, both of these values are 
physical properties of the instances. In the con- 
ceptual condition, the subjects were told that ALIVE 
and EXTINCT were the other relevant values; neither 
of these are perceptually inherent in the instances, 
and this is therefore a conceptual dimension. In 
other words, given a ROUND creature with HORNS 
followed by a коохр creature with a TAIL, a per- 
ceptual subject making a ++ inference would re- 
spond round, while a conceptual subject would 
respond extinct. Given a ROUND creature with 
HORNS followed by a SQUARE creature with HORNS, 
both perceptual and conceptual subjects would re- 
spond horns. We are particularly interested in 
comparing ALIVE-EXTINCT trials to HORNS-TAILS 
trials within the conceptual condition, since this 
would enable us to see a depth effect within in- 
dividual subjects. However, we predicted that all 
of the trials with perceptual relevant values (i.e. 
HORNS, TAILS, ROUND, and SQUARE) would yield 
relatively fast reaction times, while the ALIVE-EX- 
tinct trials would be much slower. 

Procedure. Each subject was instructed with 
a picture similar to Figure 2, with the labels on 
the picture appropriate for his condition. The 
subjects were told about four nonsense creatures 
that had either HORNS or TAILS and were of one 
of two types (ROUND-SQUARE Or ALIVE-EXTINCT, 
depending on the group). The remainder of the 
procedure was identical to the voice condition of 
Experiment 2. 


Results and Discussion 


The error rates were .80%, 14%, 2.3%, 
and 3.8% for the perceptual (++ and ——) 
and conceptual (++ and — —) conditions, 
respectively. The data from the last block 
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able in words. The more that task-relevant 
processes can take advantage of physical 
attributes (e.g., ‘in a visual search task 
| Paivio & Begg, 1974]), the more we should 
expect a picturé-word difference. In the 
speeded-inierence task, we can construct 
word matrices in which some of the relevant 
values are redundant with physical features 
of the referents of the words. For example, 
bananas and canaries, as objects, both share 
the property yellow, while apples and robins 
share the property red. Color is thus per- 
ceptually inherent in the referents and con- 
ceptually inherent in the names of the re- 
ferents. However, if we print the stimulus 
words in yellow or red ink, then color be- 
comes a physical feature of the words as well. 
“Normal” stimuli would presumably have 
to undergo more analysis than colored stim- 
uli in order to derive the colors, in view 
of the fact that physical information should 
be available sooner than semantic informa- 
tion. Note that the subjects who receive 
colored stimuli cannot ignore the meaning of 
the words because a random hali of their 
trials require category answers (ie., FRUIT 
or BIRD) that the colors cannot cue. Thus, 
the important prediction from a levels-of- 
processing point of view is that RED-YELLOW 
trials will yield faster inferences when the 
stimulus instances are printed in color than 
when they are printed in black ink, and 
FRUIT—BIRD trials should not differ as a func- 
tion of stimulus materials. The only real 
difference between Experiment 4 and the 
present experiment is in the stimulus ma- 
terials; the logic is the same, insofar as trials 
with physical relevant values should yield 
faster inferences than trials with conceptual 
relevant values. 


Method 


Subjects. The subjects were 36 undergradu- 
ates, who participated for course credit, and were 
randomly assigned to one of four experimental 
groups obtained by combining problem (++ or 
——) and group (C-N or N-C). | . 

Materials and design. Тһе stimulus matrix 
used for the present experiment was the same as 
Matrix A for the None condition. in Experiment 
3 (see Table 4). Half the subjects saw their 
instances printed in the appropriate color (either 
RED ОГ vELLOW) and the other halí saw them in 


black and white. 
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The subjects were instructed with index cards 
that showed the stimulus matrix appropriate for 
their group. All subjects received two practice and 
eight experimental blocks of trials with their 
original stimulus type (color or normal); a block 
consisted of one of each of the eight trial types 
in a random order (four with RED or YELLOW rele- 
vant and four with FRUIT or BIRD relevant). After 
this, they were transferred to the other stimulus 
type and run for four additional blocks, so that in 
a crude sense, each subject served as his own 
control. Group C-N  (color-normal) received 
colored stimuli first and were transferred to nor- 
mal stimuli, and Group N-C (normal-color) re- 
ceived normal and then colored stimuli. The 
eighth block of original trials was identical to the 
fourth block of transfer trials. The remainder of 
the procedure was the same as in Experiment 4. 


Results and Discussion 


The error rates were 1.7%, 2.7%, 1.1%, 
and 2.9% for Group C-N (++ and ——) 
and Group N-C (++ and ——), respec- 
tively, The data from the last block of both 
original and transfer trials were partitioned 
into trials on which either FRUIT—BIRD or 
RED-YELLOW values were relevant, and a 
mean reaction time was calculated for each 
dimension for every subject, excluding er- 
rors. These were analyzed in a mixed de- 
sign, with relevant dimension and stage 
(original or transfer trials) as within-sub- 
jects variables and group (C-N or N-C) 
and problem (++ or ——) as between-sub- 
jects variables. The main effect of problem 
was reliable, as expected, F(1, 32) = 151.15, 
AMS, = 42,167.58. The main effect of stage 
F(1, 32) = 417, MS, = 18,572.95, showed 
that the transfer trials were slower in gen- 
eral than the original trials (1,031 versus 
985 msec), probably because the subjects 
had 10 blocks (including practice) with their 
original stimulus type and only 4 transfer 
blocks. The main effect of relevant dimen- 
sion, F(1, 32) = 25.88, MS, = 21,493.06, 
showed that the RED-YELLow dimension was 
124 msec faster than the FRUIT-BIRD dimen- 
sion, Since the reaction time difference be- 
tween ++ and —— inferences was roughly 
the same for both groups (414 versus 428 
msec for C-N and №-С, respectively) and 
close to the difference obtained for this prob- 
lem in Experiment 3 (411 msec), we can 
again assign differences across groups to en- 
coding operations alone. 
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made faster Inferences Оп ngp.. W trials 
than on FRUIT—BIR rials; whe Tansferreq 
to words in black j » Teaction ¢ 1е did not Which 
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ems, Th results w Ssentią he same; stimuli 
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to an expectation of по reaction time differ- 
ence between shape and name. Alterna- 
tively, shapes of states may be experientially 
"rare" enough that their advantage in dis- 
criminability will be offset by the speed with 
which subjects can read their names. In the 
following experiment, we used names or 
shapes of states as stimuli and held responses 
constant at a relatively deep level in an at- 
tempt to demonstrate equal accessibility of 
conceptual information across these ma- 


terials. 


Method 


Subjects and design. The subjects were forty 
undergraduates, who participated for course credit, 
and were assigned to one of the four groups made 
by the factorial combination of problem (++ or 
——) and stimulus type (names or shapes). Ex- 
cept for changing the instruction card, the pro- 
cedure was identical tó the last two experiments. 

Materials. Four of the United States—New 
York, Florida, Alaska, and Arizona—which can 
be uniquely characterized as being north or south 
and east or west were chosen. Two of the states 
were presented on each trial. Half the subjects in 
each inference condition saw the names of the 
states as stimuli, and half saw the outlines of their 
shapes. Thus, for example, a subject in the ++ 
condition who saw either the names or the shapes 
of New York and Alaska would respond with the 
location north. We felt that the geographical 
location of a state should be no more perceptually 
a part of its shape than of its name. That is, the 
location should be an attribute which is equally 
derivable from both name and shape, since it is 
inherent in the meaning or concept of the state. 

There are again eight unique trial types, two 
for each geographical location (e.g, New York- 
Alaska, Alaska-New York: моктн). A block of 
trials consisted of all eight types in a random 
order. On any given trial, a subject was shown 
two states and had to respond verbally and as 
rapidly as possible with the location they had in 
common (if he was in the ++ condition), or its 
opposite (if he was in the —— condition). 


Results and Discussion 


The error rates were 2.5%, 3.0%, 2.7%, 
and 3.3% for shapes (++ and ——) and 
names (++ and ——), respectively. A 
mean reaction time was calculated for the 
last block of problems for each subject, with 
error data omitted. The data were then ana- 
lyzed in a 2 X 2 design, with problem and 
stimulus type the between-subjects variables. 
Only the main effect of problem, F(1, 36) 
— 9.34, MS, — 53,721.96, was reliable. The 
mean reaction times for the ++ and —— 
problems were 973 and 1197 msec, respec- 
tively. 

While the absence of a main effect of 
stimulus type (the mean reaction times to 
shape and name stimuli were 1027 and 1144 
msec) is exactly what we predicted if the 
geographical location of a state was indeed 
the sort of information that required a deep 
level of processing to obtain and if shapes 
and names were functioning at the same 
level of abstraction, the within-subject vari- 
ability was large enough to cause concern 
about these conclusions. When we calcu- 
lated the mean score for each subject, for 
example, the difference in reaction time be- 
tween the fastest and slowest subjects in 
each group was 634, 415, 926, and 852 msec 
for shapes ++, names ++, shapes ——, and 
names ——, respectively. Each subject 
seemed to reach a level of proficiency that 
might have been determined by some com- 
bination of his inference condition and stimu- 
lus type, but given that these were between- 
subjects variables, there was no way to be 
certain. We felt that a within-subject com- 
parison of performance to name and shape 
stimuli would provide a stronger demon- 


TABLE 8 


MEAN Reaction Times FOR TRIALS WITH “RE 
COLORED og NORMAL STIMULI, TYPE OF INF 


D” or “YELLOW” RE 


VANT 
CE, AND THE STAGE OF TE 


5 A FUNCTION OF 
ZXPERIMENT FOR 


ZXPERIMENT 5 (BLOCK 8 ORIGINAL TRIALS AND BLOCK 4 TRANSFER TRIAL 5) 


++ Inferences 


— — Inferences 


Group Original words 


Transferred to 


Original words Transferred to 


color: 638 


6 normal: 
normal: 798 


color: 


Color-normal 
Normal-color 


160 


Normal — Color: 


831 color: 938 

2 › Ж normal: 
704 normal: 1,292 ү 
127 


354 


186 ALINDA FRIEDMAN AN 
stration that these two stimulus types pro- 
vide equally effective access to solution-rele- 
vant information. 


Experiment 7 


As in Experiment 6, the purpose of Ex- 
periment 7 was to show that comparable per- 
formance levels obtain „with names and 
shapes when the information required by the 
task resides in the meaning rather than in 
the physical attributes of those stimuli, We 
gave four subjects extended practice „on 
speeded inference with the same materials 
used in Experiment 6, with all the trials of 
a given stimulus type being blocked ‚50 that 
if it was possible to develop a rapid, per- 
ceptual-processing Strategy with ti 
stimuli, the subjects could do so. 
dicted a steady decrease in reacti 
across days, regardless of stimul 


The task and materials 


used їп 


5 per block 


while the 
; during the next 

was switched to the other 
stimulus type, after being appropriately instructed, 


In all other respects, the Procedure was identica] 


to that in Experiment 6. 


Results and Discussion 


The error rates, averaged across subjects, 
were 1.0%, 3.9%, 1.6%, and 4.4% for shape 
+ and ——) and name (++ and ej 


S, respectively, A mean score was 


ast eight blocks 
‚ау. Thus, each subject yielded 48 
data Points; 24 for name stimuli and 24 for 
shape stimuli, The data were analyzed in a 
mixed design, with problem the “between. 
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subjects variable and stimulus type, days, and 
blocks the within-subjects variables, + eat 

Only the main effect of days ey 
icant, F(2, 4) = 25.56, MS, = 197 € 
However, since there were only two yx Aes 
per inference condition, both main ee 
of problem and stimulus type were as 
against only two degrees of freedom e 
error. We therefore decided to test bo 
these effects nonparametrically via the Шиш 
Whitney U-test. A mean reaction time was 
calculated for each subject for each day, 
yielding 6 scores Per subject (3 for names 
and 3 for shapes) and a total of 12 x 
per inference condition, When the verona 
times were rank ordered according to infer- 
ence condition, then U (12, 12) = 136, which 
was statistically reliable, When they were 
rank ordered according to stimulus type, 
then U (12, 12) = 80, which was not sig- 
nificant, The mean reaction times to name 
and shape stimuli Were nearly identical ; 10 
the ++ condition, the average reaction time 
for name and shape problems, respectively, 
Was 748 and 750 msec; in the —— condition, 
the average reaction time was 1,069 and 
1,067 msec, 

Several Conclusions about the results seem 
to be warranted by ar 
side of Figure 3, 
ship between stimy 
The reaction time Performance of the 
across days and was not 
lus type, Moreover, the 
evels-of-processing uia 
Pretation to the extent that the same ae à 
information was equally de- 
rivable from both pictures and Words. ps 
also appear to Support the hypothesis 99 
shapes of states function as symbols by vi 


м wnis to ® 
tue of their one-to-one relationship 
name, 


Experiment 8 


1011 
If the shapes of States really do pape 
as symbols, then it should be passible 2. 
perform a manipulation analogous to d 
We did in Experiment 5, when we a ose 
aster Performance with word stimuli w dant 
built-in Perceptual features were a p 
With the responses, We should be dic 
to add features to the shapes of states w 
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Ficure 3. The Stimulus Type X Problem data for Experiments 7 and 8 as a function of days. 


would allow them to be identified or dis- 
criminated from each other sooner than their 
names and therefore yield faster inferences. 


Method 


Subjects and design. The same four subjects 
from Experiment 7 were used in the present ex- 
periment; there was about a 6-week delay between 
experiments. All four subjects were tested in the 
-+-+ condition. Two subjects received 3 days of 
name stimuli and then 3 days of shape stimuli 
and the other two subjects received the reverse 
order. There were two practice blocks and eight 
experimental blocks per day. One subject in each 
order had previously been in the —— condition. 
The procedure was otherwise identical to that in 


Experiment 7. А 
Materials. We constructed a new population of 
shape stimuli, in which the western states (Alaska 

ly twice as large 


and Arizona) were approximate К 
as the eastern states (New York and Florida), and 
the northern states (Alaska and New York) had a 
solid border, while the southern states (Arizona 
and Florida) had a dotted border. Thus, size and 
border were physical dimensions that were re- 
dundant with geographic location. 


Results and Discussion 


The error rates, aver 
were 2.7% and 3.496 for shapes and names, 
The data are shown 1n Figure 


raged across subjects, 


respectively. 


3; it can be seen that reaction time to name 
stimuli hardly improves over days, while 
reaction time to shape stimuli decreases. A 
mean score was obtained for each of the last 
eight blocks of trials on the third day for 
each stimulus type, with errors omitted. 
The data were analyzed in a mixed design, 
with blocks (1-8) and stimulus type (shapes 
or names) the within-subjects variables and 
order (shapes first or names first) the be- 
tween-subjects variable. Both the main ef- 
fect of stimulus type, F(1, 2) = 29.71, and 
the Stimulus Type X Order interaction, 
F(1, 2) =12.21, MS.= 948.64, were reli- 
able. The main effect shows that shapes 
were reliably faster than names (555 versus 
596 msec, respectively), The interaction is 
due to the fact that the two subjects who 
received shape stimuli first did not show any 
further improvement at all when switched 
to name stimuli (their mean reaction times 
for Day 3 shapes and Day 6 names were 582 
and 597 msec), while the subjects who re- 
ceived name stimuli first were able to benefit 
from the perceptual features after the switch 
(their means for Day 3 names and Day 6 
shapes were 595 and 529 msec). 
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The results of Experiments 7 and 8 imply 
that pictures can function like names when- 
ever they are representations of unique (ie, 
Proper noun) objects, For Present pur- 
Poses, however, the important point is that 
redundant physical attributes which may 
be used as an aid in discriminating the 


stimuli from one another, in fact, Produce 
faster inferences, 


General Discussion 


In these experiments, we have used а 
Speeded-inference task to contrast memory- 
match models of encoding with а levels-of- 
Processing analysis, We chose this task 
because statements about the depth of anal- 
ysis required for Performance are ambigu- 
ous when we are not sure of the basis for 
the response (eg., the “CC < Aa” 
ence for a name match і 
magnitude 


B Subject must ex. 
Plicitly name the basis of his Tesponse, 


Furthermore, the task has a built-in check 
for the independence of encoding and other 
Processing Operations, 

П genera], the data of these 
Speak againgt any theory 
Pictures and 


to memory г 


Experiments 


which assumes that 
words have diff i 


e clearest and probably most important 
ome Nese data Pertains to the Tela. 
Упр €action time 
Processing 1те and depth or 


essary to aps 
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it may be that different memory prior 
tions do exist for Physical and conceptua 
information, it seems unlikely that these 
codes are differentially activated by pictures 


, embody 
ifferent levels of information which are en- 
coded and then used as required, Inherent 
in both Pictures and words is information 
about the concept they represent, either as 
an instance (picture) or as a name (word). 


implies that encoding a 


then, as the task г 


named or 
matched to 4 memory representation ; rather, 
identification is tacit, Variables which may 


aid the identification of a particular stimulus 
i better discrimination 
а set. For example, 
» We found a picture- 
T of pictures when 
stimuli had to be Processed to the same 
semantic level, The Picture-word pers 
in these experiments cannot be a depth ef- 
fect because the response requirements (the 
Solution-relevant characteristics) are the 


* H o 
Same for both STOUDs. It is instead due t 
the fact that unde 
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TABLE 9 


REACTION 


Times кок +-+ INFERENCES AS A F 
OF THE REQUIRED RESPONSES 


NCTION OF THE DEPTH 


Reaction time 
(++) 


(«++ = X¥--) 


Experiment Stimulus materials Response 
8 (Day 3) pictures (states with NORTH, SOUTH, 555 = 
size and border EAST, WEST 
dimensions) 
5 (Block 8) words (colored ink) RED, YELLOW 638 300 
4 (Block 8) pictures (nonsense HORNS, TAIL, 730 215 
creatures) ROUND, SQUARE 
Van Rijn (1973) geometric designs RED, YELLOW, 761 273 
SQUARE, TRIANGLE 
1 and 2 (Block 8) pictures (hippo, ANIMAL, VEHICL! 811 262 
mouse, bus, car) LARGE, SMALL 
7 (Day 1) pictures and words NORTH, SOUTH, 817 329 
(states) EAST, WEST 
1 and 2 (Block 8) words (hippo, ANIMAL, VEHICLE, 952 251 
mouse, bus, car) LARGE, SMALL 
ALIVE, EXTINCT 1,070 235 


pictures (nonsense 
creatures) 


4 (Block 8) 


In Table 9 we list, in order of increasing 
magnitude, the reaction times for the ++ 
conditions of seven different experiments 
comprising a wide range of stimulus ma- 
terials, While comparisons across experi- 
ments should be made with caution, the 
range of the reaction time difference between 
inference conditions is only 94 msec, which 
is, in the context of this task, truly remark- 
able. We may therefore appropriately con- 
sider the reaction time differences across 
stimulus materials to be “purely” due to en- 
coding factors, and try to find some regularity 
within them which would explain the par- 
ticular ordering obtained. Scanning down 
the “Stimulus materials” column gives us no 
particular clue to the ordering of the reac- 
tion times ; pictures of objects, words, states, 
and geometric designs seem to be randomly 
interleaved with one another, and the same 
stimulus materials may be found at the be- 
ginning and the end of the list. It is only 
when we look at the “Response” column 
that the data begin to make sense. It is 
generally the case that responses or relevant 
values which correspond to physical prop- 
erties of the stimuli produce shorter reaction 
times than do responses which reflect con- 
ceptual properties, regardless of whether the 


materials are pictures or words. 


Experiments 4 and 5 explicitly examined 
the reaction-time-informational-depth trend 
reflected in Table 9, the former using pic- 
torial materials and the latter using words. 
As we have seen, the effect, demonstrated 
within subjects, was extremely powerful. 
Identifiability (as previously defined) can- 
not be responsible for encoding differences 
because the stimuli were the same for all 
subjects within each experiment. Experi- 
ments 6 and 7 similarly demonstrated that 
the location of a state, which we consider to 
be a relatively conceptual property, is as 
derivable from its name as from its shape; 
this result is consistent with the present 
analysis and also with the notion that shapes 
of states may function at the generic (sym- 
bolic) level. 

While performance differences to various 
types of stimuli are often taken as evidence 
for memory representations which contain 
qualitatively different kinds of information, 
this interpretation results from viewing the 
recognition process as à match between cur- 
rent input and stored representation. We 
have shown that by changing the required 
depth of processing, we can create perform- 
ance differences within both pictorial and 
verbal materials. Within a levels-of-pro- 
cessing framework, stimuli are coded along 
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whichever dimensions are relevant for per- 
formance, and the stored representations need 
not be contacted in order for the results of 
the current coding process to be available 
Íor subsequent use. The notion of levels of 
information derives from the idea that under 
most circumstances, physical codes are avail- 
able for further use prior to name or con- 
ceptual codes. The fact that a subject can 
tap into his coding process at a variety of 
different depths suggests that recognition 
occurs at the point during encoding that is 
most appropriate for a given context, 
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Item and Order Information in Short-Term 
Serial Memory 


Bennet B. Murdock, Jr. 
University of Toronto, Toronto, Canada 


SUMMARY 


ists of items. First, the literature is briefly 
r traditional explanations of serial order 
effects are noted, The distinction between item and order information is suggested 
as an alternative way of explaining some of the standard serial order effects in 
the literature. However, the category effect may be a potential problem for an 
item-and-order model. 

The category effect refers to the fact that a list composed of items from the 
same taxonomic category is better recalled than а list composed of items from 
different taxonomic categories, but at the same time shows more instances of 
transpositions (items recalled in the wrong position). To make possible recall- 
recognition comparisons, four experiments on recognition memory are reported. 
The general result was quite clear: With recognition, there was either no differ- 
ence in the retention of order information between same-category and different- 
lists or, in one case, same-category lists were actually better. Thus, the 
arly works differently for recognition than it does for 


This article deals with memory for 1 
reviewed, and the main difficulties fo 


category 
item-order comparison cle: 


recall. 

"The results and the theoretical analysis seemed to support the general utility of 

the item-order distinction. A process model was described, but it did not seem {00 

illuminating. A general finite state model can account for the category effects, but 

runs into a serious problem on the relative accuracy level of old and new items. 

A nesting model may be the most promising ; it can account for item and order 
details remain to be worked out. The article con- 


fects in general, though many 
{ what we currently know about serial order 


ef 
a general assessment © 


cludes with 


effects in human memory. 
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One of the basic problems in human 
memory is how people remember a list of 
items. Many things in everyday life have a 
list structure—the days of the week, the 
months of the year, the spelling of words— 
and we routinely learn and remember many 
such lists. (A list is simply a set of items 
arranged in some particular order.) The 
laboratory analogues are serial order and 
memory span tasks, and these have been an 
important tool of q^ а д. ү 

logist for most of this cen ury. In fact, 
р еа research Ebbinghaus (19137 
1964) introduced the serial-learning task, 


The first fact to be explained is that People 
can remember serial order information, With 
varying degrees of accuracy they do know 
how to spell words, they can Іеагп а Shake. 
ѕреагеап sonnet, ог еу сап remember a 
telephone number long enough to dial it. 
"Then, as has long been k 
of reproduction decreases as list length in- 
creases, increases with the number of 
tions, and is differentially affected 


Serial position curve: 
items are best remember. 
Worst, 


Beginning and end 
ed, middle items the 


The traditional explanation for 5 
effects has been in terms of a ch 
or item-to-item associations, Th 
Sests that there are direct link 


erial order 
aining model, 
is model sug- 
5, Or associa- 


uncil of Canada 
ntal Health 


Would like to thank Muriel Ellis, Elaine Ho, 
Janet Metcalfe, and Edmund Wright for experi- 


menta] assistance, and Howard Kapla 
gramming 


equests 
f urdock, 
Versity of T 
Canada. 


o Bennet B, 


ology, Uni- 
, Toronto MsS 1А1, Ontario, 


tions, from one item to the next, and these 
associations form the basis for both pe 
and retrieval, To learn or encode а а 
string such associations must be igi: pes 
to recall a. seria] String one reads off this 
chain much as one climbs a ladder. Tn climb- 
ing a ladder, each rung is first the target T 
the next step; once reached, it is then M 
Stepping-off place for the next rung. So with 
а chain of associations: Each item is first a 
target or response to be made, then it serves 
as a probe or stimulus for the next item in 
the chain, To handle some of the empirical 
complexities, one assumes not only forward 
associations but also backward associations ; 
there may be remote forward or backward 
associations (though see Slamecka, 1964), 
and these various associative connections may 
be graded in Strength, This general view was 
first suggested by Ebbinghaus (1913/1964), 
and the most elaborate version is probably 
the mathematico. qe, 
learning developed by Hull et al. (1940). : 
t now seems Senerally accepted that this 
view is at best inadequate, and perhaps even 
quite wrong. A critical account was given 
» Who made several cri- 
at serial acts ran off at a 
а chaining (or proprio- 
Id Permit; another was 
Seemed inadequate as а 
"Soverned cognitive pror 
anding ordinary spoken 
Considerable experimental ai 
ence against a chaining view was surveye 
by 'oung (1968), particularly in connection 
With worl on serial to paired-associate bise 
fer. In thig Situation, one first learns a seria 
ist, then a Paired-associate list derived fram 
the serial list. If the chaining view were сог- 
rect, paired associates composed of d 
that had been directly linked in the d 
list. should be easier to learn than contro 
Pairs, but this does not seem to be the a 
n all fairness, the evidence here is no} 
unambiguous, For Опе thing, many а 
have reported positive transfer on the = - 
trials in this Paradigm, even though 
benefit disappears by the time a We 
Say, of one perfect trial is reached. i 
another, the failure to obtain positive ov a 
transfer may reflect certain peculiarities 


higher Speed than 
Ceptive) view wou 
that such a view 
basis for such rule 
cessess as underst 
language, 
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the second task condition; Postman and 
Stark (1967) and Stark (1968) have re- 
ported positive overall transfer using what 
they feel to be more appropriate task condi- 
tions. 

However, obtaining positive transfer in a 
serial to paired-associate task would seem to 
be a necessary but not sufficient condition 
for accepting a chaining hypothesis. If the 
chaining view were correct, positive transfer 
should be obtained. Any theory of serial 
ordering could probably easily be made to 
predict such an outcome, 50 this transfer test 
is a very weak test indeed. The general lack 
of enthusiasm for a chaining model is prob- 
ably based on the fact that it does not seem 
like a very powerful model. 

The other traditional interpretation of 
serial order effects is in terms of item-to- 
position associations. Assume each item is 
associated not to the next item but to some 
ordinal representation of its position in the 
list, Then serial learning by the anticipation 
method of performance on à memory span 
task could be mediated by these ordinal as- 
sociations. Much as one reads or writes an 
array in computer programming, one some- 
how increments the subscript for each item 


encoded or retrieved ; these item-to-position 
y serial order 


associations аге implicit in an 
task. Failure to find positive serial to paired- 
associate transfer would not be too embar- 
rassing to this position. Tt could reasonably 
be argued that the subject preferred to 
directly associate items to each other in the 
required paired-associate task, so whether 
the item subscripts were appropriate or inap- 
propriate was really immaterial. 

Tests of this view have centered around 
the search for the stimulus in, serial learning. 
The evidence seems somewhat equivocal : 
While there is some support for a relative 
position hypothesis, there are some incon- 
sistencies as well (Harcum, 1975; Young, 
1968). However, perhaps the main conclu- 


gion reached by Young (1968) in his re- 
view article is worth repeating ; namely, the 
nsiderable 


serial-learning paradigm poses cO 

problems for those interested in understand- 
ing the pasic processes of serial ordering. n 
is perhaps for this reason that interest m 
these problems has shifted to the memory 
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area rather than the verbal-learning area. 
The memory effects may be simpler and 
easier to understand. 

In the memory area, there are counter- 
parts to the two views discussed above. 
Wickelgren (1974) has distinguished be- 
tween associative and nonassociative mem- 
ory. The distinction is very much like the 
distinction between the chaining view and 
the item-to-position view, though the notion 
of associative memory has the additional im- 
plication of being a content-addressable store. 
The bin model of Conrad (1965) is strictly 
a nonassociative memory, where items are 
located in numbered storage registers; thus, 
it is a model based on item-to-position asso- 
ciations, though cast in a somewhat different 
language. Estes (1972) has proposed a 
structural model wherein the associations are 
between control elements and items, with 
hierarchical arrangement to explain the 
grouping Or chunking effects that can easily 
be demonstrated with short serial lists. 

Orthogonal to all these models is the view 
that memory for serial order information can 
be dissected into two components: one for 
item information and one for order informa- 
tion. One can remember an item from a list 
without remembering (or with some uncer- 
tainty about) its ordinal position ; conversely, 
one can remember that something was pre- 
sented in the fourth serial position without 
being quite sure what it was. The distinction 
between item and order information was 
formally represented in a model by Cross- 
man (1961) and was useful in explaining 
the “magic number seven" puzzle described 
by Miller (1956). If memory is part of an 
information-processing system, why does 
memory span vary with stimulus material 
when capacity (i.e. span) is assessed by the 
standard information theory measure? The 
Crossman answer to this puzzle was that if 
item and order information are measured 
separately, invariance тау be the case after 
all. 

There seems to have been little in the way 
of theoretical elaboration of the Crossman 
(1961) model since its introduction. In- 
stead, the interest in this question seems to 
have been more empirical than theoretical. 


Murdock and vom Saal (1967) found a 


i 
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category effect; namely, that category simi- 
larity had a differential effect on item and 
order information. Using the Brown-Peter- 
son distractor technique, they found that 
trigrams from the same category (e.g., GRAY 
BROWN RED) were more often recalled than 
trigrams from three different categories (e.g., 
EEL SCREW LOUNGE) but also were more 
likely to transpose (ie., be recalled in the 
wrong order). By looking at conditional 
probabilities (the probability of an item 
error given the presence or absence oí an 
order error), it was suggested loss of order 
information both preceded and increased the 
probability of loss of item information. 

More recently, Donaldson and Glathe 
(1969) used signal detection measures to 
separate retention of item and order infor- 
mation in a short-term recognition-memory 
task. They found that the receiver operating 
characteristic (ROC) curves for order in- 
formation agreed quite well with the stand- 
ard detection theory measure, Healy (1974) 
reported a different experimental method of 
separating order and item information; she 
was able to obtain separate measures of 
order-only and item-only information, Her 
results led her to suggest that order and 
item errors are caused by two different pro- 
cesses, 

Fuchs (1969) reported d 
gested that order errors & 
shaped serial position curve, but item errors 
did not. Estes (1972) reported similar order 
error effects, which he called "distance" func. 
tions; that is, if a list item 
response, where ( 
function for 


ata which sug- 
howed a bow. 


ге are gradi- 
55 of order in. 
Serial position 
W à posteriori 
e t N by N input- 
if an item was given as a 
response, what is the probability that it Was 
given in the correct (input) position ? Such 


data have been reported by Murdock (1968) 
for various probe techniques ; there too, bow- 
shaped functions were obtained, Rohrman 
and Jahnke (1965), Zimmerman and Under. 


wood (1968), and Detterman and Brown 


formation, 
effects can also be 
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(1974) have all provided evidence that ех- 
perimental separation of item and order in- 
formation is possible. 

Thus, it is quite clear that measures of 
order information can be devised, and these 
measures suggest that order information may 
have some different properties from item 
information, Bjork and Healy (1974) re- 
ported data which suggested that item and 
order information might be independent. 
They used acoustic similarity as their ex- 
perimental lever and came to the opposite 
conclusion from that of Conrad (1965). Con- 
rad (1965) had earlier suggested that loss 
of item information preceded loss of order 
information and that loss of item informa- 
tion would be particularly damaging if the 
stimulus materials were acoustically similar 
letters, However, as noted by Murdock 
and vom Saal (1967), the same trans- 
position patterns occur with words as with 
letters, and no acoustic-similarity pattern is 
evident ; consequently, the role of acoustic 
Similarity cannot be crucial, The Murdock 
and vom Saal conclusion was the reverse of 
Conrad ; namely, that loss of order informa- 
tion was more likely to precede Joss of item 
information rather than vice versa, (Fozard, 
Myers, & Waugh, 1971 have also suggested 
à model in which Joss of order inform 
based on loss of item information, ) 

In this article I pursue the notion of item 
and order inform 


ation a bit further, The 
Category effect and its implications for the 
distinction between item and order informa- 


tion are discussed, A finite state model is 
shown to be capable of solving some of the 
Problems raised by the category effect, Four 
experiments 9n the recognition of order 
information are presented; these are an 
attempt to find out more about the locus of 
the Category effect, Problems with à finite 
State model are discussed, and an alternative 
15 suggested. The article concludes with a 
Summary of where we now stand on our 
current understanding of item and order in- 
formation in serial order memory, 


ation is 


THE CATEGORY Errecr 
Suppose we tak 
View that item and 
Separated, Further, 


е the Crossman (1961) 
order information can be 
take the conclusion of 
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Murdock and vom Saal (1967) and Estes 
(1972) that loss of order information 15 
primary and loss of item information 15 
secondary ; that is, loss of order information 
comes first and leads to loss of item intor- 
mation. li this is so, then the category 
effect poses an immediate puzzle. The cate- 
gory effect is that items from the same cate- 
gory are better remembered (their item 
information is remembered better) than 
items from different categories, but they 
transpose more (their order information is 
remembered worse) than items from dif- 
ferent categories. 

The puzzle is very simple. If loss of order 
information is primary and loss of item in- 
formation is secondary, how can a condition 
(same-category items) that shows more loss 
of order information also show better reten- 
tion of item information? This outcome 
would seem immediately to discredit the 
initial assumption, since one would expect 
item and order information to be correlated 
across conditions. Once a negative correlation 
is found (item information going one way, 
order information the other) the assumption 
that loss of order information causes loss ot 
item information is hard to defend. 

This puzzle is more apparent than real. It 
fails to distinguish a correlation within con- 
ditions from a correlation between conditions 
(see e.g. Mandler, 1959). Thus, for any 
specific set of material (e.g. same-category 
or different-category items) it should be the 
case that, as loss of order information in- 
creases (say, by increasing the duration of 
the retention interval), loss of item informa- 
tion should also increase. In fact, this seems 
to be the case; see Tables 1 and 3 of Mur- 
dock and vom Saal (1967). It need not be 
the case that a condition which transposes 
more is worse remembered; the base rates 
may be quite different. 

Let me be more specific and give a con- 
crete model in which it is true that: (а) loss 
of order information precedes (and increases 
the probability of) loss of item information, 
and (b) а condition that shows more trans- 
positions (loss of order information) also 
shows less loss of item information, Imagine 
a simple three-state Markoy model such that, 
if an item is in State IO then both item (1) 
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ob 
F 81-5) \-c c - 
Qr cay 


Ficure 1. State diagram for finite state model. 
(In State 10 both item and order information are 
retained, in State I only item information is ге- 
tained, while in State N neither item nor order in- 
formation is retained.) 


and order (O) information are retained, it 
an item is in State ] then item information 
is retained but order information has been 
lost, and if an item is in State N, the null 
(N) state, both item and order information 
have been lost. А simple state d 


iagram is 
shown in Figure 1, and the transition matrix 


Tis: 
10 I N 
IO 1—a a(i-—b) ab 
Т = 1 0 1-c c (1) 
N 0 0 1 


The parameter а gives the probability that 
an item will leave State 10; if it does, b is 
the probability that item information as well 
as order information will be lost. The para- 
meter c is the probability that loss of item 
information will occur given that the item is 
in State I (ie, that order information has 
already been lost). 


In order to predict recall data one needs 
a vector for the starting state and a vector 
for the response rules. Call the former s, and 


it characterizes the probability distribution 


for the starting states. Assume 


з= [р 1—2 0l (2) 
so with probability P an item starts in State 
10 and with probability 1 — p it starts in 
State I. (The psychological rationale here 
might be that encoding an item at all estab- 
lishes some sort of item information, and 
something more is required to encode its 
serial order too, The attentive subject would 
never miss an item completely, so there is 
no probability of an item starting in Stat 
ui g State 

We need three response vectors, one for 
the probability that the serial string will ts 
ree ы 1 p > Г! ay iv Ы ^ 
recalled in any order (free recall), one for 
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TABLE 1 


SAMPLE OUTCOMES кок HYPOTHETICAL 
у PARAMETER VALUES 


Category 
Parameter Same Different 
1.0 1.0 
M 1 2 
b od 9 
E] 3 
STen 1936 1666 
УТ», -831 -644 
ЕА 2105 022 


the wrong order). Call 7», and r3 
and 
n= [1 1 0] (3) 
m= [10 1/n! 0] (4) 
"= [0 1— 1/n! 0] (5) 


hus, for free-recal] (rı) items in either 
States ТО or I would be correct, for ordered- 


Js 
(It is to be understood that s js ar 


OW vec. 
tor and 71773 are column Vectors, ) Also it is 
assumed that all items in 4 in the 
Same state, so the 4 


any type of reg 
is the Number of 


1, Same. 
category and different-c tegory Igrams ( 
п=3 


and c but different valu fa and p 
The case illustrateq is Wher, О units or 
Interfere, have Occurred "ree reca] 
ET) ; higher for Same-categ o. 
grams, .936 to 666 ге 


eterson 
the data are what 
Produce: 
forgetting, 


Generally, 
Markoy models usually 
but negatively accelerated 
Studies of the buildup and 
i fit very 
› Since these 
only a few 
as well а Markoy model 
i 


distribution 
biology (see Searle, 1966), for- 


Brown-Peterson Paradigm 
h 


popular right DOW; pro. 
Пе rage, However. the 
antment with Markoy models 


o applications more 
than a g itabili i 


thought that the dis- 
€ à posterior; prob- 
5 would immediately discredit а 


€, since they Suggest that order 


Only of the Item in ques 
‘on but als € memory state of other items 
in the list Sequently, one should he war 
Ot rejectin 


4 serial order task, 
Analytic Expressions for this three-state 
model can e sily he obtained Бу standard 


vand. | — 
5 the eigenvectors by solving 
ле characteris; then gm 2 
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UD^"U- where О is the matrix of eigen- 
vectors and D the diagonal matrix of eigen- 
values. Expressions for ordered recall, free 
recall, and transpositions can then be ob- 
tained by using the appropriate response 
vector (Equations 3-5). Standard parameter 
estimation techniques (е. STEPIT or 
SIMPLEX) can then be used to fit the 
model to any set of data and obtain the usual 
measure of goodness of fit. 

‘After fitting the model to several sets of 
data, one of its inadequacies soon becomes 
apparent, that is, its assumption about 
guessing. All-or-none retention of a list is 
assumed, so if a list is in State I the prob- 
ability of correct ordered recall is assumed to 
be 1/n! However, if we know anything 
about serial order it is that a list is a string 
of items and these items differ. There is no 
place here for serial position effects. 

Serial position effects could easily be in- 
corporated into the model by assuming that 
the model characterizes each item in the list 
rather than the list as a whole. Thus, every- 
thing said so far about lists would now 
apply to each item in the list and the re- 
sponse data would simply be the combined 
probability. However, such a possibility 
raises questions about interrelationships. A 
number of possibilities open up, and it is not 
a trivial matter to explore them. Further 
information is necessary to select the best 
line of approach. 

Useful information could be obtained by 
recall-recognition comparisons. Is the cate- 
gory effect the same when memory is tested 
by recognition as it is when memory is 
tested by recall? If it is, that would imply 
that the category effect has something to do 
with whatever encoding or storage processes 
are common to recall and recognition. If it 
is different, how does it differ? In particular, 
is the category effect like other empirical 
effects (e.g., availability of items, organiza- 
tional factors in memory, or the comparison 
between intentional and incidental learning) 
that show up clearly in recall but are weak 
or nonexistent in recognition? If the cate- 
gory effect follows this pattern, then it might 
be that the category effect operates on the 
retrieval processes that are required for re- 
call but not required for recognition. This 
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theoretical issue is discussed further in the 
General Discussion section after we have 
presented the experimental evidence. 


EXPERIMENTAL STUDIES 


We already know about the category effect 
in recall (e.g, Murdock and vom Saal, 
1967). For recall-recognition comparisons, 
we can either accept this result as given and 
simply look at recognition, or we can com- 
bine recall-recognition comparisons in a 
single experiment. There are advantages and 
disadvantages both ways. If one combines 
recall and recognition in one experiment then 
one will at least know whether the recall 
effects replicate, but there may be unwanted 
carry-over effects from one condition to 
another (see Poulton, 1973). If one uses 
recognition-only, one has a purer and more 
efficient method to study the issue in ques- 
tion, but recognition-only tests may allow 
the subject to use selective learning tech- 
niques or strategies that would not work if 
recall and recognition were combined in a 
single experiment. 

Given these pros and cons, it seemed best 
to study the problem both ways. The first 
two experiments used recall and recognition 
in a within-subjects design. The first experi- 
ment used a standard Brown-Peterson dis- 
tractor technique, as in the Murdock and 
vom Saal (1967) study. The second experi- 
ment used a modified memory span (MMS) 
method, which allowed more information to 
be collected in a single trial. 

The third and fourth experiments used 
only recognition. They extended the recog- 
nition part of the first two experiments by 
explicitly manipulating the lures and by 
using all five permutations (AcB, BAC, CBA, 
BCA, and car) of the trigram Asc. The fourth 
experiment replicated the third experiment 
by intensive testing of a small number of sub- 
jects, and also added latency measures in 
order to get some suggestions as to what 


type of mechanism might underlie recogni- 
tion. : 


Experiment 1 
Method 


This experiment studied the category effect witl 
both recall and recognition using the тыне 
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TABLE 2 


Y T LY КЕ E У GNIZED IN Ex 
No. or Worps Correcriy RECALLED AND RECOGNIZED 15 XPERIMENT i 
INTERVALS AND FOR SAME- AND DIFFERENT-CATEGORY T RIGRAMS 


FERIMENT 1 FOR RETEN 


Recall Recognition ы 

Trigram Information 123 1-29 t=18 не t= s 1-9 _ t TIGE 

à gory It 203 191 174 262 — 257 265 
алар Order 157 145 125 181 167 173 
illerent category Item 176 149 115 254 — 25 257 
Ts tia Order 132 115 91 139 165 176 


Note. Order information requires Correct position while item information does n 


technique as originally developed by Brown (1958) 
and Peterson and Peterson (1959). On each trial 
a trigram was Presented, which we call a same- 


taxonomic 
Following a 


ach trigram was shown to the subject on an 
ntation duration was 1.5 
sec. An arithmetic distraction task was used ; 
every time a new two-digit number Was spoken 
1.5 sec) the subject had to report 

CThese numbers 


c sentation.) 
interval for that trial had 


0 ame Category, For 
Богу trials, all six ; 


ч items Were fr iffer, 
categories, От different 


Subject. There Were 24 Subjects 


oth sexes from the University of Tor, 
graduate Subject pool 


retention intervals, The basic q 


N cations per condition cithi 
ts. The order of conditions 
subject to the constraint that on 
occurred in each block of 12 trials, 

Material, The trigrams were th 


н € Sa 
used in the Murdock a 196) 


a 
nd vom Saal (1967) i 


not. Maximum ber cell = 288, 


except that several additional items had to be added 
to fill out the design. The same criteria were used; 
namely, medium to low-dominant monosyllabic and 
unambiguous category nouns from the Cohen, Bous- 
field, and Whitmarsh (1957) norms, As in Mur- 
dock and vom Saal, two different sets of material 
were used. Items (e.g., GRAY) appeared equally 
often in the Same-category and the different-cate- 
gory condition; also they were tested equally often 
by recall and by recognition, Over the entire ex- 


periment each item occurred equally often at each 
retention interval, 


Results 


ather than proportions 
reader can more easily 
à а Probabilities and totals. 
» item Scoring gives credit regard- 
less ol position ; thus, it js a free-recall cri- 
terion, F » item scoring refers 
to the number of Words (out of six) the 
Subjects Correctly selected for that trial. For 
18 required that the words 
П іп the correct location, For 
order scoring gave credit only 
rds assigned to the correct serial 


Scoring) than different-category trigrams, 
both for recall and recognition. The total 


5 correctly recalled were 568 
"Т Same-category and different- 
trigrams, respectively, The total 
Number of Words correctly recognized were 
84 and 765 for Same-category and different- 
Category trigrams, respectively, Although the 


Category 


> 
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recognition difference was much smaller than 
the recall difference, both were significant 


(p < .05) by sign tests. There was a 21-3 
split for recall and a 16-5 (3 ties) for rec- 
ognition. 


Second, the category effect on order in- 
formation was completely absent for recogni- 
tion. The number of items correctly selected 
but placed in the wrong serial positions were 
263 and 265 for same-category and different- 
category trigrams. (This information can be 
extracted from Table 2 simply by obtaining 
the difference between item and order 
scoring for ѕате- and different-category 
trigrams.) The item totals were 784 and 
768 ior same- and different-category tri- 
grams, so the proportion of items assigned 
to the wrong serial positions was .335 and 
.346 in the two cases. Thus, regardless of 
whether one considers the absolute or the 
relative number of order errors, the category 
manipulation seemed to make no difference. 

Third and finally, the category effect on 
ordered recall was a bit ambiguous. The ab- 
solute number of items recalled in the wrong 
positions was about 40% greater (141 to 
102) for same- than different-category tri- 
grams, but this difference was not quite 
significant by a sign test (15-7 split with 2 
ties, p = .067 one tail). Also, even though 
the absolute number of order errors was 
greater for same-category than for different- 
category trigrams, the proportion of all items 
recalled. that were incorrectly placed was 
almost exactly the same (.248 and .232) for 
the two conditions. Thus, it could be argued 
that while more categorized items are re- 
membered than noncategorized items, given 
that an item was recalled at all, the prob- 
ability that it was correctly given in the cor- 
rect serial position was not affected by the 
category manipulation. 


Discussion 


The main point that emerges from Experi- 
ment 1 is that the category manipulation had 
no effect on the retention of order informa- 
tion as measured by recognition. While item 
information is slightly better for same- than 
different-category trigrams, neither by a rela- 
tive nor an absolute measure is there any 
difference in recognition. The recall situation, 
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however, is not quite so clear. An absolute 
measure seems to show the expected effect, 
though the difference is not quite significant. 
The proportional measure does not. The 
next experiment was а second attempt to 
look at this same issue, and a different 
experimental paradigm was employed. 


Experiment 2 
Method 


This experiment used an MMS method. That is, 
it was like a memory span method except that 
four small memory span sets were presented and 
then tested by recall or recognition. The test was 
postcued. Each memory span set consisted of three 
items, written on a single index card, and each 
card was presented for 3 sec. With four sets, the 
total presentation time was 12 sec. 

For recall, the subject was to write down the 
four sets of three items each. He could write down 
the sets in any order he wished (otherwise the 
task was too dificult), but within each set he 
was to write down the three items in order, indicat- 
ing omissions by dashes. There were no explicit 
guessing instructions. 

For recognition, each trigram was tested twice, 
once in the old (i.e., presentation) order and once 
in a new (permuted) order. There were two types 
of permutations, ACB (the second and third items 
in the trigram were switched) and Bac (the first 
and second items were switched). There was at 
least one instance of AcB and BAC on each trial, 
but the same total number of each for both same- 
and different-category trials. The subject was in- 
formed that half the tests were old, half new, but 
was not told that each trigram would always be 
tested twice. The order of the eight recognition 
tests ‘(one old and one new for each of the four 
trigrams) was randomly determined for each trial. 
The subject was to respond on a 6-point Con- 
fidence-Judgment scale going from — —— ("sure 
the order is new") to +++ ("sure the order is 
old”). 

All four trigrams on a trial were homogeneous 
as regards category type. That is, if it was a same- 
category trial there was one category per card, 
so the three items on each card were all in the 
same category. However, the categories for the 
cards were sampled without replacement. On dif- 
ferent-category trials, the items on each card were 
always from three different categories. However 
it was possible for the same category (though Wt 
the same exemplar) to be represented on more 
than one card. Subjects were tested. individually, 
and each subject was given 36 trials in a single 
session, 
sets The ats were ser, 24 Uni 
sexes who were tess and pr oe ea п 

эшет E acquaintances of the 
experimenters. 
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TABLE 3 
/ALUES Fi SAME- AN, DIFFERENT-Catecopy 
"^ VALUES FOR SAME- anxp C. 
? Ee go OF EXPERIMENT 2 For Lures ACB, 
1 ВАС, AND COMBINED 


Condition ACB ВАС Com bineds 


Same category 


1.66 1 34 1.48 
ifferent category 1. 


1.59 1.32 45 


* For combined, the data from lures ace and Bac Were pooled, 


Design, The design Was 2X2x9 Within sub- 
jects, With two Category types (same or different), 


ch Specific Category item appeared equally Often 
j i main Conditions 


t 
cumin are seasonings, ог that tangelo 


and kumquat 
are fruits, (These Te perhaps Пе mo; extreme 
examples; salt and pepper Were also incl ded, as 
Were apple and banana—th not ange) It 
was necessary. 80 outside th rms jn some 
cases to complete th Bories, gory domi- 
nance с] rly Spanned Tge rar ^ Salt to 
cardamon 1 and there Was no trol on Word 
Tequency, Т only rest icti S оп word length; 
no word tegory labe] more than 12 letters 
ong was included, 

The Categorized Word р Was e Mined and 
culled p of know ledgeable and imaging. 
tive me, of the Ebbi aus Emp ©, and the 
end result са Hed th Niversity f Toront 

egorize, l. The categori are house 
Parts, body Parts, Ships, birds, fruits t Weather 
Clements, Names of men, Sciences, cre s, musica] 
instruments, tchenware, tomobiles sh, Sports 
occupations, Tees, Clothj, » disease. Оровтарһу' 
Crimes, Countries. OWers, animals, Insects, Colors! 
US, tates, textiles nings, &etables and 
cler, isting of th categorized word pool is 
included Ар end: 

Results 


For recall, Same-category trigrams were 
better recalled 


and transposed more than dif. 


E 


MURDOCK, JR. 


ferent-category trigrams, When an ordered 
recall 


maximum possible 


a free-recal] criterion 
Was used, the 


recalled was 307 and 217 {ог same- and dif- 
ferent-category trigrams, respectively, There 


words rather than trigrams are analyzed, 
the total number of transpositions was 110 
and 60 for same- and different-category tri- 


grams, respectively, Thus, regardless of 


absolute or the 


errors, retention of 
order information was clearly etter for qif- 


ferent-category trigrams than it was for 
Same-category trigrams, 


he main results {ог cognition are 

shown jn Table d; Vhich gives q’ values oh- 
tained from the EPCROC TOgram of 
Silvie ang Creelman (1968 (These q’ 
Values are ed simply Sa Onvenient de 
Scriptive 5 tistic {ог e fidence-judg- 
Ment data btaineq in this experiment . no 
Particular theoretical ommitment is implied 
У their us ge.) Values were com- 
Puted Separat ly ch type of lure (Acr 
and BAC), and the Combine Case the data 
Were Pooled Seen, Acn ures were 
more discriminapy làn BAC lures for both 
5ате-с, teg, nd different-category tri- 
Srams, but here Was neither д main e ect 
f cat Огу nor an Interaction with type of 
ure, 
Discussion 

The Tecall da replicate the original cate 
Богу effect ve Closely. When items were 
from the ame cate, Огу, recall by either 
Method or Scoring) S better than when 
| нч from t ifferent Categories 

, nore Misplaced items 

1епсе, log nform tion), either by 
ап absolute igi ative 
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TABLE 4 


d' NaLUEs FOR SAME- AND DIFFE ENT-CATEGORY 
TRIGRAMS OF EXPERIMENT 3 FOR LURES 


Same cate- Different 

Lure gory category 
ACB 2 .85 
BAC 1.02 1.07 
CBA 1.22 .93 
BCA 1,69 -96 
CAB 1.92 1.47 
ACB + BAC 92 95 
СВА + ВСА + САВ 1.54 1.07 


The recognition data clearly substantiated 
the results of Experiment 1. The main point, 
of course, is that again a category effect in 
recognition failed to materialize. There was 
a difference between the two types of lures 
(АСВ vs. BAC), but the comparison across 
category type was the same for both. It will 
be reconsidered after the next experiment. 


Experiment 3 


This was the first of two experiments to 
use only recognition, The MMS method of 
Experiment 2 was used; recognition results 
with the Brown-Peterson and MMS method 
seem quite similar, and the MMS method is 
more efficient as a data-collecting procedure. 


Method 


On each trial four trigrams were presented on 
slides, and each slide was shown for 3 sec. As in 
Experiment 2, the category manipulation was 
between trials, so each trial was homogeneous in 
that it contained only same- or different-category 
trigrams. The trigrams were tested in the presenta- 
tion order, so what might be considered a func- 
tionally equivalent retention. interval was used. 
That is, the first trigram presented and tested 
always had three intervening study trigrams, while 
the last trigram presented and tested always had 
three intervening test trigrams. If study and test 
interference are equal, then interference-wise, the 
retention interval was the same for all four tri- 
grams in a set. 

In every block of six trials 24 recognition tests 
were broken down as follows: 10 АВС, Д АСВ, 4 ВАС, 
2 BCA, 2 CAB, and 2 cpa, This scheme resulted in 
approximately equal number of adjacent (АСВ, 
BAC) and remote (BCA, CAB, CBA) lures as well as 
approximately equal numbers of old and new items. 
The order of these 24 tests was randomized. The 
actual presentation of the test items was auditory ; 
after the four slides had been shown, the experi- 
menter tested the subject by reading out each test 
item and getting his response to each item. The 
same 6-point Confidence-Judgment scale was again 
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used (from “sure the order is different” to “sure 
the order is the same”). 

Each subject was given 24 trials, blocked in 
groups of six. Each group of six were all same- 
or different-category trials, and these groups 
alternated in Авав fashion. This order was counter- 
balanced over subjects, as were the items in the 
trigrams. There were two sets of material; if an 
item was in a same-category trigram in one set it 
was in a different-category trigram in the other 
set. Groups and sets were orthogonal (2 X 2). 

Subjects. The subjects were 24 students from 
the University of Toronto undergraduate subject 
pool, and they were tested individually. 

Material. The word pool used in Experiment 1 
was used here. 


Results 


The main results are shown in Table 4, 
which gives the d’ values for the different 
types of lures. These values were obtained 
from the EPCROC program (Ogilvie & 
Creelman, 1968), and the same old-item data 
were necessarily used in all analyses appear- 
ing in a given column. The main reasons 
for using a signal detection analysis are that 
the d’ measure is an economical summary 
statistic and has a reasonable theoretical 
interpretation in the present case. The inter- 
pretation is that the d' measure reflects dis- 
criminability, and that some types of lures 
are more discriminable (have higher d' 
values) than others. 

The main point to note about Table 4 is 
that the same-category lures are as dis- 
criminable or more discriminable than dif- 
ferent-category lures for all lure types; there 
are no exceptions. To be conservative, the 
only statistical tests that were done were 
between category type for adjacent trans- 
positions (AcB + BAC) and for remote trans- 
positions (cBA + BCA + can). The difference 
between same-category and different-cate- 
gory trigrams was not significant for adja- 
cent transpositions, #(1,726) = 27, р> 
.05, while this same difference was signifi- 


cant, (1,534) = 3.28, р < .01, for remote 
transpositions. 


Discussion 


| Again there was no evidence that recogni- 
tion of order information is worse when 
items are in the same category compared to 
when they are in different categories, When 
the comparison was based on adjacent trans- 


ьо, 
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Ositions, there seemed to be no effect of 
E ory type but when remote transpositions 
4 used as lures the results went the other 


The Possibility of a selective Strategy with 
this Tecognition-only experiment should be 
discussed. One possible Strategy a subject 


might use to minimize the Storage load would 


word (ie, 

otherwise “no,” ‹ 
achieve a very respectable performance in 
this way, as the only penalty he would pay 
would be a high false-alarm Tate when the 
lure was асв, For all other lures and the 
target, he would be correct, 


a trigram, and disregard 


Strategy would Teduce the 
memory load by one third and, if Successful, 
Could result į €. There is 


another. However, even 
Category Comparison would 
ul. The functional memory 


€xperiment, 
this Method 


would work led they had 


owever, both clain 
not used it.) 


possible Strategy interpretations, but the = 
Suggest that at least the obvious Ns om 
implausible. So, until it is necessary | o a 
lieve otherwise, we shall assume that th 
Pattern of results shown in Table 4 tells T 
something basic about recognition memory 
for order information, not simply something 
about the method the subject uses to cope 
with the task demands. 


Experiment 4 


The final €xperiment was an attempt to 
replicate the results of Experiment 3 with 


tion of what a possible mechanism might be, 
as well, As 


subject to make his 
Was recorded along wit] 


Vhat will these latency data tell us? They 
e between two rather 
- How does a subject 
test trigran) is different 
? There might be a 
1 the memory ed 
"ат and some encodec 
rigram, If this were Eo 
nce the easier the dis 
ess time it sionl take 
ince in general the remote tans postion. 
i the ime 
* they should be responded {0 


J rect 
п the other hand, Suppose the ee 
Operation on tt 
Memory trace or the gee 
- Perhaps he “Tepermutes t kes 
y match. The More steps it he 
the More sure he can be that an apparent um 
crepancy is not due to some small aue 
error. By this reasoning, since it would vate 
More steps to make a match with eim d 
transpositions than with adjacent pen i5 
tions, the Opposite prediction results. T iding 
remote transpositions, even though ee: 
larger q values, should agtually gale 
Оп ег latencies than adjacent trans] 
tions, 


PI 
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TABLE 5 


d' VALUES FOR SAME- 


AND DIFFERENT-CATEGORY TRIGRAMS OF 
FOR SUBJECTS AND LURES 


EXPERIMENT + 


Subject 1 Subject 2 Subject 3 Subject 4 

Lure Same Different Same Different Same Different Same Different 
ACB 2.45 2.56 2.10 1.65 1.38 1.26 5 
ВАС 1.34 112 1.73 1.83 143 1.32 dor its 
CBA 228 220 1.97 1.62 1:91 1:68 279 282 
BGA 2 2.51 241 1712 1.78 1.67 i01 1635 
САВ 256 214 196 2.27 2.06 1.68 3180: 457% 

M pi. „21 1.97 1.82 1.71 1.52 3.60 3.99 


a Computed from уез-по. 
b False alarms = 1/4». 


Method 


The main differences between Experiment 3 and 
Experiment 4 were as follows: Experiment 4 was 
run on a laboratory computer, conditions were 
randomized rather than counterbalanced, the cate- 
gorized word pool was used, a few subjects were 


tested intensively, and latencies as well as con- 


fidence judgments were obtained. Originally the 
intention was to vary the presentation duration 
accord with the subject's performance, slowing 
it down as he did poorly but speeding it up as he 
did well. Despite the use of a standard PEST 
algorithm (Taylor & Creelman, 1967), this attempt 
failed miserably. Even when presentation slowed 


down to 20 sec/trigram, performance did not im- 


prove sufficiently to achieve the desired perform- 


ance level (75% correct). 

The subject sat at the console of the computer 
(a PDP-12A) and saw the words displayed on the 
cathode-ray tube (CRT) in front of him. The 
computer graphics used a 25 X25 dot matrix for 
each letter so the legibility was quite good. Each 
iriplet was displayed for 2 sec, and there was a 
100-msec off-time between each triplet. Following 
the fourth triplet, a row of asterisks was shown 
for 1 sec, then 1 sec later it was followed by the 
tests. Each test triplet stayed on the screen until 
the subject had responded, and the subject used a 
panel of six keys to signify his confidence judg- 
ment. The latency that was recorded was the time 
elapsing between presentation of each test triplet 
and the depression of the confidence-judgment key. 

As before, all trigrams on à trial were either 
same-category Or different-category trigrams. For 
same-category trials, four categories were sampled 
different-category trials 12 categories 
were sampled. Thus, in the latter case, there was 
lication of category across the four 
e were 64 trials on a 5 оп, 32 of 

i d words within each cate- 
domly sampled on each trial. The 
done as follows: Beginning 
the largest number of items 
left. categories were accumulated up to 4 or 12, 
i The actual categories used were 
equal probability from among the 


in 


set of most-eligible categories. Within each cate- 
gory, words were randomly sampled without re- 
placement across each experimental session. 

The test type of each trigram was randomly 
determined. With probability .5 the test was old 
(asc); with probability .25 the lure was adjacent 
(acs or ВАС), and with probability .25 the lure 
was remote (CBA, BCA, Or CAB). The two types of 
adjacent lures were equiprobable as were the three 
types of remote lures. The subjects were told that 
on the average half the tests would be old and 
half would be new, but they were not told about 
the specific breakdown of adjacent and remote 


lures. 
Subjects. The subjects were four volunteers who 


were University of Toronto undergraduate students. 
All had been in at least one computer-controlled 
experiment before, but not one involving order in- 
formation or the categorized word pool Each 
subject was tested for 5 sessions of 64 trials each. 
Since each trial had four trigrams, there were 
1,280 observations per subject. 


Results 

The confidence-judgment data are sum- 
marized in Table 5, which shows the d' value 
for same-category and for different-category 
trigrams for each subject and the five types 
of lures. There is clearly no difference be- 
trigrams and different- 
y a sign test, there is 


an 11-9 split Or, the mean d' values, 
ires, were 2.37 


summed over subjects and li 
for same-category trigrams and 2.36 for dif- 
ferent-category trigrams. Obviously, reten- 
tion of order information as measured by 
recognition has nothing to do with whether 
the items in the trigram have been selected 
from one ог three different taxonomic 
classes. 

Since the category manipulation had no 
effect on performance, the data were pooled 


tween same-category 
category trigrams. B 


204 


TABLE 6 
d' VALUES FOR SUBJECTS OF EXPERIMENT + PooLep 
Over SAME- AND DIFFERE 
CATEGORY TRIGRAMS 


Lure Subject 1 Subject 2 Subject 3 Subject4 M 
ACB $ 1.87 3.66 2.35 
BAC h 117 3.96 2.08 
СВА 2 1.80 2.76 2.18 
ВСА 2 1.91 147 2.64 
CAB 2; 2.10 4.17 2.60 


over same-category and different-category 
trigrams, and the d’ values are shown in 
Table 6 on a subject-by-subject basis. These 
data are useful in evaluating the confusability 
of the different types of lures, and such an 
analysis should be quite helpful in under- 
standing the processes involved in the reten- 
tion of order information. Unfortunately, 
the data are a bit idiosyncratic, and no simple 
generalization seems to characterize the re- 
sults of all four subjects. Consequently, the 
best approach is probably to go by the mean 
values shown in the last column of Table 6 
and hope that the individual variation does 
not follow any consistent pattern. By this 
reasoning, it would seem that the two remote 
transpositions ВСА and САВ are most dis- 
criminable, that by and large adjacent trans- 
positions (ace and BAC) are less discrimi- 
nable than remote transpositions (cra, BCA, 
and can), but that the remote transposition 
CBA is the odd man here; it seems to behave 
more like an adjacent trans 


position (has a 
7 i 1 
lower d' value) than like à remote trans- 
position. 

To 


AB 
е lures were ACB 
j » where only 
latencies were 
for Subject i" 
for Subject 2, 
for Subject 3; 


1,541 msec and 1,688 msec 
2,004 msec and 2,020 msec 
2,575 msec and 2,324 msec 
and 1,550 msec and 1,539 msec for Subject 4 
for the low- and high-confusable lures, re. 
spectively, Summed over subjects, low-con- 
fusable lures had а mean latency of 1,892 


msec while high-confusable lures had a 
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mean latency of 1,871 msec. Thus, it would 
seem as if accuracy and latency are not very 
highly correlated in this particular recogni- 
tion-memory task. 

In further analyses of the latency data, it 
was very clear that latency and confidence 
judgment was closely related. Pooled over 
subjects and yes-no responses, mean laten- 
cies were 1,907 msec, 3,095 msec, 3,386 
msec, 3,610 msec, 3,506 msec, and 1.666 
msec for sure-no, probably-no, guess-no, 
Suess-yes, probably-yes, and Sure-yes re- 
Sponses, respectively. This trend was quite 
clear in the data of each subject individually, 
and pooling over yes and no responses did 
not seem to hide any underlying interactions, 
This same U-shaped relationship between 
confidence judgments and latency has also 
been reported for item recognition data by 
Mandler and Boeck (1974) and Murdock 
and Dufty (1972). 


High-confident hits (sure-yes responses 


to old items) seemed to be faster than high- 
confident correct rejections (sure-no re- 
Sponses to new items), The mean latencies 
were 1,315 msec and 1.570 msec for Subject 
1, 1,532 msec and 2,014 msec for Subject 2, 
1,955 msec and 2,509 msec for Subject 3, but 
1.613 msec and 1.597 msec for Subject 4. 
Thus, the first three subjects showed a big 
effect, but the fourth subject was 16 msec in 
the wrong direction (for him, correct rejec- 
tions were faster than hits). Tt is also the 
case that Subject 4 had the highest d' value 
by a good bit; we don't know whether this 
is more than accidental, since only four sub- 
jects were used in the experiment. 


Discussion 


For the fourth time, the category effect 
failed to materialize in recognition. "There 
Was simply no d' difference whatsoever þe- 
tween same-category and different-category 
trigrams, There were differences asa func- 
tion of the type of lure used on the recogni- 
tion test, but again the category variable did 
not interact with the lures, The category non- 
effect clearly held for all lures tested, 7 
E. simple dichotomy between adjacent and 
remote transpositions does Not seen adegua 
to account for the diseriminabilit, + 


* certainly 
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lures. Two factors seem necessary. One fac- 
tor is the number of items that change place; 
by this criterion АСВ, ВАС, and cBA go in 
one group while BCA and cap go in the other 
group. The second factor is the total dis- 
tance moved. By this criterion ACE and BAC 
go in one group while cea, BCA, and CAB go 
in the other group. Combining these two 
factors gives at least а rank order of dis- 
criminability (as measured, say, by d'); 
Асв and Bac are lowest, CBA is intermediate, 
while BcA and CAB are highest. To predict 
differences within these groups one would 
need to invoke some serial position factor. 

The latency data seem a bit puzzling. 
Overall, there was no consistent difference 
as a function of the distinctiveness of the 
lures. That is, highzconfusable lures had 
about the same mean latency for high-con- 
fident correct rejections as low-confusable 
lures. One could interpret this as an indica- 
tion that discriminability has no effect on 
reaction time; also, that any repermutation. 
to make a match either does not occur or 
takes very little time. One counter to this 
conclusion. could be the claim that the dif- 
ference in discriminability between the 
alleged low and high d’ lures was not large 
enough to affect the latency data. Another 
counter would be the findings on hits versus 
correct rejections. 

Why on the average do correct rejections 
take so much longer to make than hits? 
Averaged across all four subjects, the mean 
values were 1,599 msec for hits and 1,890 
msec for correct rejections. This is a differ- 
ence of nearly 300 msec, which is a large 
effect indeed in the reaction time field. In 
item recognition studies, yes-no differences 
(generally in the same direction) are more 
in the 30 msec-50 msec range. This com- 
parison would suggest some more complex 
operation on the memory trace 15 required 
to make judgments about order information 
than about item information, Perhaps, as 
suggested, a memory trace that is discrepant 
from the probe must be rearranged before a 
decision is possible, and that is why correct 
rejections are so much slower than hits. 
While this is at least а possibility, it should 
be considered tentative at this 
point. There were after all only four subjects 
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in the experiment, and the one subject with 
the best performance accuracy-wise showed 
no latency difference between hits and cor- 
rect rejections. 


GENERAL DISCUSSION 


The main results from this series of ex- 
periments are clear and easy to summarize. 
They are that for retention of item informa- 
tion, same-category trigrams are better re- 
membered than different-category trigrams 
regardless of whether the test is by recogni- 
tion or by recall. For order information, 
same-category trigrams are worse than dif- 
ferent-category trigrams when tested by re- 
call, but in recognition there is little or no 
difference. Although one must always be 
wary of accepting the null hypothesis, after 
four attempts and the one non-null result in 
the opposite direction, it would seem safe to 
say that the category effect does not hold for 
recognition. 

What do these results mean? At a very 
general level, they are certainly consistent 
With the view that item and order informa- 
tion are two components of serial order in- 
formation, Even without recognition, since 
recall of item information goes one way and 
recall of order information goes the other 
way when the category variable is manipu- 
lated, it seems clear that order and item in- 
formation are separable. When one adds 
recognition, and again finds different effects 
oi the category variable for item and order 
information, it would seem quite clear that 
any complete model of serial order effects 
cannot afford to overlook the distinction be- 
tween retention of item information and re- 
tention of order information. 

One possible explanation of these results 
could be in terms of the structural model of 
Estes (1972). This model is based on a re- 
verberatory-loop principle, and loss of order 
information is assumed to precede loss of 
item information. As this is presented in 
terms of a computer simulation, we have 
tried to do a simulation ourselves to study 
some of its properties. Perhaps we have mis- 
understood, but it does not seem sufficiently 
unambiguous so that we feel our interpreta- 


tion is completely correct. Consequently, it is 
у, 
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RETRIEVE CATEGORY 1 


CATEGORY I> 
CATEGORY 
(1 -1 


ALTERNATIVES 
PROVIDED ?, 


GENERATE COMPARE WITH 
ALTERNATIVE PREVIOUS ALTERNATIVES 


co 


ALTERNATIVE! 
PROVIDED? 


NO 
GENERATE SET CRITERION LEVEL 
ALTERNATIVE 


Ficure 2, Flowchart to represent the processe: 


a bit difficult to know what it can and cannot 
explain. 

A process model could be used to explain 
these results, One possible process model is 
shown in Figure 2. This is a flowchart of the 
Processes involved in recall and recognition, 
and provides a хау of explaining the main 
results shown in Table 7. The general idea 


labeled “SAVE CATEGORY І” and "RE. 
TRIEVE CATEGORY Į” 


; what is meant 
is the name of the Category. For the first 
item the lower branch is followed; for Sub- 
Sequent loops the branch depends upon 
whether Same-category or different-category 
trigrams are being retrieved, The recall- 
recognition distinction is nested in the 
gory branch, 


f one compares this flowchart with Fig. 


ure 3.9 of Murdock (1974) 
that this js 


cate- 


it will be seen 
a “generate-and-edit” mode] for 


5 involved in recal 
Category or different-category lists, 


land recognition from same- 


recall-recognition differences, Although such 
a view has been criticized by Tulving and 
Thomson (1973), a modified view js still 
defensible (Kintsch, 1974). The locus of the 
category effect is a comparison loop that 
applies to same-category trigrams only, The 
idea is that one is sampling from the cate. 
gory, and it is necessary to monitor the pro- 
cess to ensure sampling Without replacement, 
It would presumably be easy to generate a]. 
ternatives in the same-category case, but 
confusion with previous alternatives would 
lead to greater loss of order information, For 
recognition, however, one skips directly to 
the decision part of the System, so recogni- 
tion of same- and different-category trigrams 
involve exactly the same process, Recall- 
recognition differences would be expected by 
the standard reasoning. 

‘his model has Some strengths and weak- 
nesses. On the plus side, it makes explicit 
Some of the Processes that must be per- 
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formed, even if the way we do them is dif- 
ferent from the flowchart. Tt is general 
enough to represent all the processes in- 
volved, and specific enough to pinpoint the 
locus of the category effect. While the exact 
operation of the monitoring process is left 
unspecified, it would not be hard to work 
out several possibilities. , 

My own view is that it is not necessarily 
the best approach. First, 1 doubt that a gen- 
erate-and-edit process is really going on 
here, and introspectively one seems to access 
the items not the category names. Second, 
all the effects are assigned to retrieval, and 
that is surely wrong. There are clearly for- 
getting effects over time, and they are not 
represented here at all. Third, while it may 
provide a convenient way to characterize the 
overall retrieval processes, it does not seem 
to illuminate the item-and-order issue at all. 

An alternative is to go back to the state 
diagram of Figure 1 and see how this could 
be useful in explaining the results. The first 
point to note is that the general pattern of 
the results is very consistent with the three- 
state model suggested, When one is testing 
item information that means States IO and 
I are indistinguishable, so the results simply 
say that the probability of going to State N 
is greater for different-category trigrams 
than for same-category trigrams. However, 
tests of order information discriminate be- 
tween States ТО and I, so the fact that recall 
differences go the other way is no problem 
for the model at all. 

The obvious extension of the model is as 
follows. Assume each item in the list can be 
in State IO, State I, or State N (see Figure 
1). Then, what happens at the time of test- 
ing depends upon what kind of test 15 ad- 
ministered, For recall, a trigramr will be 
correct by an ordered-recall criterion if all 
three items are in State IO or two items are 
in State IO and the other in State І, correct 
with probability .5 if one item is in State 10 
and two in State 1, and correct with prob- 
ability 167 if all three items are in State I. 
For free recall, the probabilities would be 1.0 
in all these cases, since order is not counted 
in the scoring. : 

With this approach, the extension to recog- 
nition is quite straightforward. Performance 
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will depend not only on the state of each of 
the three items in the trigram, but also on 
what the test item is. There are 27 possible 
state combinations (Items A, B, and C each 
in State IO, I, and N), and these must be 
crossed with the six types of test items 
(ABC, ACB, BAC, BCA, CAB, and csa). With 
standard assumptions about guessing it is 
quite easy to work out ordinal predictions 
about performance without any knowledge 
of the values of the transition parameters. 
Three predictions emerge quite clearly : 


1. Recognition will be better than recall. 

2. Recognition performance on lures will 
be more accurate than recognition perform- 
ance on targets. 

3. Recognition performance on remote 
lures wil be better than recognition per- 
formance on adjacent lures. 


It is the second prediction that is most 
interesting. The reason basically that it 
works out this way is that there are more 
ways a lure can mismatch a partly degraded 
memory trace than there are ways a target 
can mismatch a partly degraded memory 
trace. For instance, suppose the first two 
items (A and B) are in State I but the third 
item (C) is in State IO. Then, if the test 
item is АВС (a target) probability correct 
will be .5, but if the test item is the lure ACB 
then probability correct will be 1 because the 
third item alone is sufficient to identity the 
probe as new. (The difference between ad- 
jacent and remote lures is simply an exten- 
sion of the above; there are more clear mis- 
matches when all three items of the probe are 
in the wrong position than when only two of 
the three are in the wrong position.) 

A reexamination of the data of Experi- 
ment 4 showed that this prediction is quite 
wrong. The main data are shown in Table 7, 
which gives the proportion of correct re- 
sponses (summed over confidence judg- 
ments) for each subject to targets (old 
items), adjacent lures, and remote lures. 
With one exception (which resulted from 
deviant performance on CBA), the third pre- 
diction is substantiated; remote lures are 
more often identified as new than adjacent 
lures. The problem, however, is that per- 
formance on targets is better than on either 
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TABLE 7 
А z ESPONSES TO TARGETS 
PROPORTION of Correct REsPONsES to TARGETS, 
ADJACENT Lures, AND REMOTE LURES For 
SUBJECTS OF EXPERIMENT 4 


Adjacent lures Remote lures 


Subject Targets (Авс) (ACB, BAC) (BCA, CAB, CRA) 
1 .907 -662 -813 
2 -862 .779 .808 
3 -860 -603 739 
zl .967 945 -910 


type of lure, remote or adjacent, This pat- 
tern of results holds in all particulars if one 
does not sum Over confidence judgments; 
that is, if one restricts the analysis to high- 
confident responses, | 

This finding poses a real problem for a 
finite state mode] of this type. Tf the recogni- 
tion process works by an item-by-item com- 
parison of the probe and the memory trace 
and if each item in the memory trace of the 
trigram could be in one of Several possible 
States, regardless of whether items are in- 
dependent or correlated, the lures should he 
identified More accurately than the targets, 
One solution to this problem Would be to 
introduce the notion of a response bias and 
assume that, in cases of doubt, the subject 
Was more likely to give a yes response than 
а nO response, This model does not work 
very well for item recognition (Vorberg & 
Schmidt, 1975), and there is no reason to 
think it is any more appropriate for recog- 
nition of order information, 

An alternative would De to represent the 
distinction between item and order informa- 
tion in terms of the nesting mode] suggested 
by Murdock (1974), In this mode], it is as- 
sumed that items are not associated to one 
associated to hypo- 
thetical coding elements that serve to pre- 
Serve list Structure in memory, 
might be coded as 


“+ SIC + XIB + xA +J) 


list is the trigram ABC, X, to Xs 


are the Coding elements, and the asterisks 
are terminatorg (* denotes the beginning of 
the list, ж 


lated to each other, but to the 


| › and each pair (an item and 
" : : 
4 coding clement) 18 nested in the next 


higher element. (Packing is assumed to oc- 
Cur at the time of list Presentation, and un- 
Packing precedes recall. Tt is assumed that 


tails are given in Murdock, 1974, рр. 293— 
302.) 

This model solves one of the classic prob- 
lems of serial order ; namely, why positive 
transfer jn the serial to Paired-associate 
transfer Paradigm as predicted by the chain- 
ing model fails to occur, Since items are not 
associated to басһ other but to coding ele- 


ments, no positive transfer would be expected 
unless some mediationa] 


› s l be about equally 
effective, Tt also predicts a number of phe- 


nomena of seri learning and memory, at 
least at the qualitative 1еүе| (see pp, 297-300 
of Murdock, 1974). 

In the Present case, one could associate 
item information With the encoded items 


ie, A, B, and C) and order information 
with the coding elements (Ху to X 
of item information means that the trace of 
the item is lost, While loss of order informa. 
tion means that the Coding element is lost, 
Item and order information are thus logically 
Separate, and one can lose Опе without the 
other, If the list ABCDE js recalled as ABDCE, 
this would be a case of loss of order 
item) information ; single Substitution errors 
(eg., ABCXE) would he the reverse, Both 
types of errors do occur (Conrad, 1959), 
When four trigrams are Presented as jn 
the MMS method used here, how might this 
information he represented in memory? For 
Same-category trigrams, the nesting might 
be as follows : 


3). Loss 


БУ: Ү.С, 
+ ZAD + Zp, 


) , the subscripted Bs in 
TOW indicate that all the ; 


trigram аге from Category B, 


Pm LO 
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and so on. The coding elements (W, X, Y, 
and Z) are also subscripted because it is rea- 
sonable to suppose that they would have 
more in common if the list were composed 
of same-category trigrams than if it were 
composed of different-category trigrams. 
Some provision for a coding of the order of 
the trigrams would also be necessar for a 
complete picture, but that is not included 
here. 

This model could perhaps explain. why 
targets are more accurately identified than 
lures (more rapidly too, except for Subject 
4). Given a test trigram, the subject com- 
pares it with this encoded representation. 
If it matches, fine; the probe is obviously an 
old item. If it does not match, then it could 
be that the memory trace is imperfect or 
it could be that it should not match because 
the order of the items really is different. 
Given this uncertainty there is more room 
for error, and the decision process might 
reasonably take longer as well, Admittedly, 
this is a very free interpretation of the model, 
but at least it seems to have some intuitive 
plausibility. 


While the coding differences between 
same-category and different-category tri- 


grams are clear enough, how this is reflected 
in performance is not. Neither are recall- 
recognition comparisons particularly illu- 
minated by this nesting model, Consequently, 
it would De foolish to claim that it really ex- 
plains the data reported in this article. All 
that it does is provide a slightly more specific 
way of conceptualizing the differences be- 
tween item and order information in memory. 
However, it is at least as good as any other 
model we have, and perhaps it may be a use- 
ful conceptualization to keep in mind in 
future research in this area. 

Let me conclude by attempting an as 
ment of what we now know about serial 
order memory. It is a very general assess- 
ment and obviously a personal view, but per- 
haps it will provide some perspective for 
research in this area. 


e À А . 

]. The distinction between item informa- 
tion and order information is useful and per- 
haps necessary to understand serial order 
effects in memory. 
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2. There are some variables (e.g. time) 
that affect item and order information the 
and other variables (eg. cate- 
that affect them differ- 


same way, 
gory membership ) 
ently. 


4 
3 


There are some situations (e.g., trans- 
positions) where loss of order information 
precedes lo of item information, but there 
are also some situations (e.g. single sub- 
stitution errors) where loss of item informa- 
tion precedes loss of order information. 

4. The question of whether item and order 
information are dependent or independent is 
probably not the best question to ask. In 
some situations they may be independent and 
in others dependent, but this will depend 
both on the particular situation and the 
particular measure us d to assess them. 

5. If loss of order information does occur, 
it seems to increase the probability of loss 
of item information. 


6. Loss of order information seems to 
show bowed serial position effects quite 
clearly. There is at least some evidence that 
loss of item information does not. 

7. It is easier to remember item informa- 
tion in a categorized than a noncategorized 
list, but the order information depends upon 
whether recall or recognition is used. For 
recall, categorized lists are worse whereas, 
for recognition, there is probably no differ- 
ence between same-category and different- 
category lists. 

8. How item and order information oper- 
ate in more general serial tasks such as the 
buildup and release from proactive inhibition 
and list-learning studies of serial learning 
has not yet been studied in any systematic 
fashion. 
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APPENDIX 
TABLE Al 
University ОЕ TORONTO CATEGORIZED Worp Poor. 


HOUSE PARTS 


0001: WINDOW 0002:DOOR 0003: ROOF 004: WALL 

0005: FLOOR 0006 ANG 0007: ROOM 0010 

0011: HEARTH 0012 У 0013 CORRIDOR 0014 

0015:cHIMNEY Q016: FOUNDA E 0020 

0021:ATTIC 0022: 0024: BATHROOM 

0025: 0026 0030:LoBBY 

0031 00: N Чч 0034:SIDING 

0035: CELLAR 0036: ALCOVE 0037: PORCH 0040: LIVINGROOM 
BODY PARTS 

0041:LEG 0042: A 0043 

0045:FOOT 

0051:HAND 

0055: HAIR : л 

0061:CHEST 0063: BRAIN 

0065: TOOTH 0067 : SHOULDER 

0071: TONGUE 0073:THROAT 0074: 

0075: TRUNK 0076: RIB 0077 : INTESTINE 0100: utr 

0101:SAILBOAT 0102: DESTROYER 0104:CRUISER 

0105: SUBMARINE :ROWBOAT 0110: 

Q111:FR DTUGBOAT 0114: 


OLI 15:LINER 
0121: TANKER 
0125: SPEEDBOAT 
0131: WARSHIP 
0135: INBOARD 


MOTORBOA AT 0120: 


0124: 
0130: RUNABOUT 
0134: HYDROFOIL 
0140: KAYAK 


0141: ROBIN 0142: SPARROW OLAH EAGLE 

0145: CROW 0146 CANARY 0150: HAWK 

0151: BLACKBIRD 0152 PARROT 

0155: PIGEON 0156 PARLING WOODPECKER ULTURE 

0161:SWALLOW 0162; CHICKEN :DOVE 

0165:0WL :TITMOUSE THRUSH Е 

(0171: BLUEJAY E SANT > 0174: BUZZARD 

(175: OSTRICH 0176: FLAMINGO 0200: PEACOCK 
FRUITS 

0201: APPLE 0203: PEAR 0204: BANANA 

0205: PEACH 0207: CHERRY 0210: PLUM 

0211: GRAPEFRUIT 0213: TANGERINE 0214: APRICOT 

0215: PINEAPPLE 0217:STRAWBERRY 0220: BLACKBERRY 

0221: WATE 0223: CANTALOUPE 0224: RASPBERRY 

0225: POMEGRANATE 0230: BOYSENBERRY 


0231 :F1G 
0235: KUMQUAT 


NECTARINE Б 
PAPAYA 0240: HONEYDEW 


DATE 


«  Q241: HAMMER 0242:SAW 
0245: PLANE 0246: CHISEL 
0251: PLIERS 0252: DRILL. :PUNCH 
025 : SANDPAPER 
261: АМЫ 264: PLUMB 
(205: à DG 0270: CLAMP 


027\:% 0274: RIPSAW 
0975: matt LPRESS — à = 0300; овал 
a 


(table UNES 
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WEATHER 


0301: HURRICANE 
0305: HAIL 
0311:cvcLoxE 
0315:TvPHOON 
0321:roc 
0325:pRoUGHT 
0331 : CHINOOK 
0335: DRIZZLE 


0302: TORNADO 
0 Е 


: WHIRLWIND 
0332: Mist 
0336: BREEZY 


0323: HUMIDITY 
0327: RAINBOW 
0333: FROST 
0337 : SQUALL 


0304: snow 
0310: WIND 
0314: LIGHTNING 
0320 A 
0324 
0330: SNOWSTORM 
0334; DUSTSTORM 
0340 :CLOUDBURST 


ELEMENTS 


0341 : OXYGEN 
0345:50рісм 
0351 : CHLORINE 
0355: URANIUM 


0342 : HYDROGEN 
0346: KRYPTON 
0352: CALCIUM 


0343: NITROGEN 
0347 :SULPHUR 
0353: POTASSIUM 
0357 : ALUMINUM 


0360:zixc 
0361: PHORUS 0362 ON 0363: ARGON 0364: BARIUM 
а: 0366: BROMINE 0367: BORON 0370: 
0371: ANTIMONY 0372: SILICON 0373: NICKEL 0374: EN 
0375: RUBIDIUM 0376: 10DINE 0377: COBALT 0400: ckstUM. 
NAMES OF MEN 
401: JoHN 0402: Bon 0403: Bit 0404: 11м 
0105 Tos 0406: Jor 0407: Dick O10 Ae 
0411: GEORGE 0412: Jack 0413: Harry 0414: Stevi 
0415:Larry 0416: FRANK 0417: Pav, 0420:Saw 
0421: Dave 0422:F 0423: Mak 0424: CHARLES 
0425: JERRY 0426:1 0427: Rick 0430:Do —— 
0431: EL wn 0432: Bru 0434: Kari 
0435: HENRY 0436: Кох ESAE 


0440: RALPH 


0441 : CHEMISTRY 
0445:z00LoGy 
0451 : GEOLOGY 
0455: MEDICINE 
0461 : PHYSIOLOGY 
0465: PHILOSOPHY 


0471: BACTERIOLOC iy 


0475: AGRICULTURE 


042: PHYSICS 

0446: BOTANY 

0452: MICROBIOLOGY 
0456: BERING 
0462: ANATOMY 

0466: ASTROLOGY 
0472: ARCHEOLOGY 
476: 0CEANOGRA PHY 


0443: PSYCHOLOGY 
0447: ASTRONOMY 
0453:socroLocy 


Y 
0457: BIOCHEMISTR Y 
0463: ANTHROPOLOGY 


0467: GEOGRAPHY 
0473: BIOPHYSICS 
0477: PATHOLOGY 


,URGY 
RYOLOGY 
0500: AGRONOMY 


Cities 


0501:Cimcaco 
0505: PARIS 

0511: DETROIT 
0515: CLEVELAND 
0521: Tokvo 

0525: STOCKHOLM 
RENO 
COPENHAGEN 


п 
0512: DALLAS 
0516: PITTSBURG 
0522: 


0513: Ком 
0517; Я 
0523 -ANTA 


0527: Cairo 
0533: Мем PHIS 
0537: Bnvsskrs 


0504: Loxpox 

0510: PHILADELPHIA 
0514: BOMBAY 
0520: MONTREAL 
0524: BERLIN 

0530: VANCOUVER 
0534: SHANGHAI 
0540: VENICE 


MUSICAL ist 


DRUM 


BANJO 
PICCOLO 
0566: ACCORDION 
0572: HARPSICHORD 


0376: TAMBOURINE 


RUMPET 


AZOO 
0563: CYMBALS 
0567:сокхЕт 
0) 


0577: BONGOS 


0544: vio 


0550:5АХОРНОХЕ 


0554:нАКР 
0560: MARIMBA 
0564: HARMONICA 
-OPHONE 
DUKULEL 
0600: MANDOL 
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TABLE Al— (Continued) 


KITCHENWARE 


0601 
0605 
0611: 
0б15: 
0621:6 
0625: 
063 
0635 


PGRATER 


0602:SPOON 0603: FORK 0604: PAN 
2 0007 : STOVE 0610: BOWL 
0613:DISH 0614: BEATER 


0620: ЕКҮРАХ 
0624: LADLE 
0630: SIF" 
0634: BROL 
0640: PERCOLATOR 


0633: TONGS 
0637 : ROLLINGPIN 


0636: KETTLE 


AUTOMOBILES 


0641 : FORD 
0645: BUICK 
0651: PLYMOUTH 
0655:ME 

0661: i 
0665: PORSCHE 
0671:SA^n 
0675: DATSUN 


0642: CHEVROLET 

0646: CADILLAC 

0652: VOLKSWAGEN 
Е 


0613: PONTIAC 
0647: DODGE 
0653: ee BLER 


0644: OLDSMOBILE 
0650: CHRYSLER 
0654: OPEL. 

0660: AUDI 

0664: HONDA 

0670: THUNDERBIRD 
0674: VOLVO 

0700: RENAULT 


0662: TRIUMPH 
0666: CORVAIR 
0672: JEEP 

0676: VALIANT 


0663:\ AU XHALL 
0667: Mazpa 
0673 :SIMCA 
0677: TOYOTA 


0701: TROUT 
0705; PERCH 
0711: 5 


:DOLPHIN 
O731:CRAPPIE 


0704: HERRING 
0710: GOLDFISH 
O714:CARP 


0723: BLUEFISH 

7: HADDOCK 
0732: HALIBUT 
0736: PIRANHA 


0741 : FOOTBALL 
0745: 
0751: 
0755: WRESTLING 
0761: FISHI 
0765: RUGBY 
0771: SAILING 
0775:sv 


0742: BASEBALL. 
0746:SOCCER 
0752: LACROSSE 


37 :SKIING ; 
0763: POLO 

0767: GYMNASTICS 
nU 


0764: BONING 
0770: RACING 
0774: JUDO 

1000: SHOOTING 


1005 


;BUSINESSMA? 
1021: UNDERWRIT iR 


1041:04K 
1045: BIRCH 
1051: WALNU T 
1055:A5H 
1061:CEDAR 
1065 1AGNOLIA 
1071:SEQUO!^ 
1075: sie | 


meret 


OCCUPATIONS 


1002: LAWYER 1003: TEACHER 1004: DENTIST 


1006: PROFESSOR. 1007: 1010:SALE 
1012: а E 1013: 1014: ACCOUNT 
1 1017: 1020: FARMER 


1023:СНЕМІЅТ 

T:MUSICIAN 

3: JUDGE 
1РНАКМАС15Т 


1024: MERCHANT 


1026:PHY SICIST 
ЕСТ сын 


PREES 
1043: PINE 1044: ELA 
1047: SPRUCE 1050 WOOD | 
HICKORY 1054: syce 


DWILLOW 

1063:SUMAC 

1067 : COTTONWOOD 
EUCALYPTUS 


1060:ct 
1064: BEE! 
1070: GINKO 

1074: HEMLOCK 
1100: COCONUT 


(table continued) 
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CLOTHING 


1101:5н1кт 
1105: BLOUSE 
1111:нАТ 
1115:]АСКЕТ 


1121: UNDERWEAR 


1125:scrr 
1131:vesr 
1135: 0VERSHOES 


1102:socks 
1106:skinT 
1112:SWEATER 
1116:SLACKS 
1122:suorts 
TOCKINGS 
1132:jumPER 
1136: RAINCOAT 


1137: PANTIES 


1104: sHors 
1110:pREss 


HH34:ovERCOAT 
40: p. 


Diseases 


1141 :CANCER 
1145: PoLIO 
115 'NEUMONIA 


1155:LEPROSY 
1161:RICKETS 
1165: ARTHRITIS 
1171:cHOLERA 
1175: BRONCHITIS 


HICKENPOX 
1152:sMALL рох 

1 156:svPHiLLIS 
1162:DiAnETES 
1166:scurvy 


1 143: TUBERCULOSIS 
4 


"CEPHALITIS 
1160:TvPnoip 
1164: BERIBERI 
170: IPHYSEMA 
UNDICE 
1200: MENINGITIS 


1215: PLATEAU 
1221: DESERT 
1225:15тнм Us 
1231 :MUSKEG 
1235: Bay 


1202: HILL 
1206:Lakr 
1212:cavk 
1216:GuLLy 
1222:crevicr 
122 


2 GLACIER 
230: CRATER 
234: DELTA 

1240; MORAINE 


1241:MurDER 
1245 


I ROBBERY 
1247: KIDNAPPING 
1253: BATTERY 

:8 


ISLANDER 
1273:sopomy 
1277: SMUG LING 


1244: THEFT 
1250:14 RCENY 
1254; FORGERY 


PIONA GIE 
WINDLING 


Countries 


1307: Spary 


Flowers 


1343: 


1 
1346:0nci 
1352:сА RDENIA 
1356:LiLAC 
1362: AZALIA 
1366:Јохоси, Ч 
1372: ASTE 1373: 
1376: POINSE 


1304: Germany 
1310: MExico 
1314: BRAZIL 
1320: Nonway 
1324: GREECE 
1330: SCOTLAND 
1334: EGypy 
1340: TRAN 


Ьай 
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TABLE Ai1—(Continued) 


ANIMALS 


ISHEEP 
:SQUIRREL. 
LEOPARD 
1431: RHINOCEROS 
1435: MONKEY 


1403: HORSE 
1407: ELEPHANT 


1437: PANTHER 


1404:cow 


1H40: LLAMA 


INSECTS 
1441: FLY 1442: 1443: BEE 1444: MOSQUITO 
1445:SPIDER 144 1447: MILLIPEDE 145 5Р 
1451: GRASSHOPPER 145 1453: MOTH 
I BUTTERFLY 1456: COCKROACH 1457: TERMITE 
1462: CATERPILLAR 1463: TICK 'ATERBUG 
1466:LoUSE 1467: HORSEFLY 
1472: TARANTULA 1473:SCORPION 


1476: FIREFLY 


1477 :SLUG 


CoLons 


1501: BLUE 1502: RED 1503: GREEN 15 LLOW 
1505: BLACK 1506: PURPLE 1507: WHITE 1 Е к 
1511: BROWN 1512: BLONDE 1513:GRAY 1514:TURQUOISE 
1515:1NDIGO 1516: MAROON 1517:CHARTREUSE 1520:TAN 
1521:LAVENDEKR { 3:AQUA 1524:v 
ISCARLET E RUSSET 1530: BURC 
FUCHSIA 32: AZURE 1533: CRIMSON 1534: AMBER 
AUBURN 1536: EBONY 1537 :1VORY 1540: TAUPE 
U.S, STATES 
1541:Onto 1542: CALIFORNIA ENNSYLVANIA 
LICHIGAN 154 SDIANA LLINOIS 
: MARYLAND 1552: VIRGINIA AINE 
1555: CONNECTICUT 1556: ALASKA : ARKANSAS : 
1561: COLORADO 1562: DELAWARE :OREGON 1564: Мох A 
1565: HAWAII 1566: WYOMING :UrAH 1570: ARIZONA 
1571:IowA 1572:0KLAHOMA : MISSOURI 1574: KANSAS 
1575: WISCONSIN 1576: ALABAMA :NEBRASKA 1600: GEORGIA 


TEXTILES 


1601: COTTON 
1605: DACRON 
1611: MADRAS 
:CORDUROY 


1603:51.к 

1607 :ѕАТІХ 

1613: BURLAP 
1617:MOHAIR 
1623: 
1627: FE! 
1633: ARNEL 
1637: BANLON 


1604: RAYON 
1610: ORLON 
1614: DENIM 
1620: MUSLIN 
1624: ACRILON 
:GABARDINE 


SEASONINGS 


1642:PEPPER 
INNAMON 


1643:svGAR 
1647 : CLOVES 
1653: MUSTARD 
1657:CARAWAY 
1663:sAGE 
1667: DILL 
1673:CUMIN 
1677:cHILI 


1644: GARLIC 
1650: PAPRIKA 
1054: SAVOURY 
1660: THYME 
1664: CHIVES 
1670: BASIL 
1674: MARJORAM 
1700: ALLSPICE 


(table continued) 
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TABLE AL— (Continued) 
- SS: 
VEGETABLES 
ч 1701 ICARROT IPEA 1703:nkax 1704:coux 
= 1705 i ZUCCHINI ‘POTATO 1707:LETTUCE 1710:spiNACH 
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After a year's experience with the editing of Journal of Experimental Psy- 
chology: General it is clear that my original editorial policies (Kimble, 1975) 
need some revision. This editorial announces several changes based on some 


of my successes and failures in the first year. 


Number of Manuscripts Submitted | 


This has been my biggest problem. The "new editor effect" had a short 
life in the case of JEP:G and, after an initial flurry of inappropriate articles, 
my submission rate sank to a trickle. Fortunately the quality of these later 
manuscripts was high and most of them were published, Things are picking 
up now, but I still operate with far too little material. As I did in 1975, I 
encourage you to submit integrative articles in any area of experimental 


1 psychology. 


Editorial Review 


The concept of inviting authors to nominate reviewers was my most con- 
spicuous success. Authors showed excellent taste in the recommendations they 
made, and the quality of the reviews I received was beyond my highest ex- 
pectations. "There was no evidence at all to support the claim of an “old boy" 

(or "old girl") phenomenon. In fact, it quickly became clear that author- 
nominated reviewers would pull no punches in spite of the fact that they had 
no protective anonymity. The readers have strongly endorsed the policy of 
publishing some of these reviews. Beginning this year I will also publish 
occasional commentaries on earlier articles, One or two examples will appear 


in early issues of the Journal. 
The practices I have followed in obtaining reviews are cumbersome in 
A several ways and sometimes they slow up the editorial process. What is 


worse is, that with so few manuscripts, I have sometimes had to cut things 
short in order to meet deadlines. Even then two issues of the Journal were 


N smaller in 1975 than they should have been. In an effort to improve this 
А aspect of the situation І have secured the cooperation of a continuing board of 
Р consulting editors whose names appear on the cover of this issue of the 
| Journal. 


Criteria of Appropriateness 


The features of the articles I am looking for remain (1) integrative equality 
and (2) appeal to a range of readers. The first of these criteria means that 
manuscripts submitted to JEP: G are usually long. Experience reveals, how- 
ever, that there are times when a shorter article is appropriate: (1) when it 
is truly integrative and (2) when it relates directly to an earlier article in the 


Journal. I encourage authors to submit manuscripts that meet either of these 
criteria. 


Summaries 


Finally a small point related to format: The summaries that introduce 
articles in JEP:G have created two minor problems. These are (1) a few 
readers have suggested that a shorter summary than most of those published 
in 1975 would be more useful, and (2) the longer summaries create awkward 
problems in production when they extend beyond the first page of the pub- 
lished article, Because the solutions to these two problems are the same, I 
am now requesting that summaries be limited to about 450 words. 
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Learned Helplessness: Theory and Evidence 


Steven F. Maier Martin E. P. Seligman 
University of Colorado University of Pennsylvania 


я SUMMARY 


In 1967, Overmier and Seligman found that dogs exposed to inescapable and 
unavoidable electric shocks in one situation later failed to learn to escape shock in 
a different situation where escape was possible. Shortly thereafter Seligman and 
Maier (1967) demonstrated that this effect was caused by the uncontrollability of 
the original shocks. In this article we review the effects of exposing organisms 
to aversive events which they cannot control, and we review the explanations 
which have been offered. 
There seem to be motivational, cognitive, and emotional effects of uncontrol- 
4 lability. (a) Motivation. Dogs that have been exposed to inescapable shocks do 
not subsequently initiate escape response in the presence of shock. We review 
parallel phenomena in cats, fish, rats, and man. Of particular interest is the 
discussion of learned helplessness in rats and man. Rats are of interest because 
learned helplessness has been difücult to demonstrate in rats. However, we show 
that inescapably shocked rats do fail to learn to escape if the escape task is rea- 
sonably difficult. With regard to man, we review a variety of studies using in- 
escapable noise and unsolvable problems as agents which produce learned helpless- 
ness effects on both instrumental and cognitive tasks. (b) Cognition. We argue 
that exposure to uncontrollable events interferes with the organism's tendency to 
perceive contingent relationships between its behavior and outcomes. Here we 
review a variety of studies showing such a cognitive set, (c) Emotion. We re- 
view a variety of experiments which show that uncontrollable aversive events pro- 
| duce greater emotional disruption than do controllable aversive events. 


We have proposed an explanation for these effects, which we call the le 
helplessness hypothesis. 


a 


arned 
It argues that when events are uncontrollable the organism 
learns that its behavior and outcomes are independent, and that this learning pro- 
^ duces the motivational, cognitive, and emotional effects of uncontrollability, We 
j describe the learned helplessness hypothesis and research which supports it. 

Finally, we describe and discuss in detail alternative hypotheses which hav 


e been 
offered as accounts of the learned helplessness effect. 


One set of hypotheses argues 
that organisms learn motor responses during exposure to uncontrollable shock 


that compete with the response required in the test task. Another explanation 
holds that uncontrollable shock is a severe stressor and depletes a neurochemical 
necessary for the mediation of movement. We examine the logical structure of 
these explanations and present a variety of evidence which bears on them directly. 
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What follows are three instances of the 
phenomenon to be explained: 


1. When placed in a shuttle box an ex- 
perimentally naive dog, at the onset of the 
first electric shock, runs frantically about, 
until it accidentally scrambles over the bar- 
rier and escapes the shock. On the next 
trial, the dog, running frantically, crosses the 
barrier more quickly than on the preceding 
trial. Within a few trials the animal be- 
comes very efficient at escaping and soon 
learns to avoid shock altogether. After about 
50 trials the dog becomes nonchalant and 
stands in front of the barrier. At the onset 
of the signal for shock, the dog leaps grace- 
fully across and rarely gets shocked again. 
But dogs first given inescapable shock in a 
Pavlovian hammock show a strikingly dif- 
ferent pattern. Such a dog’s first reactions 
to shock in the shuttle box are much the 
same as those of a naive dog. He runs 
around frantically for about 30 sec, but then 
stops moving, lies down, and quietly whines. 
After 1 min. of this, shock terminates auto- 
matically. The dog fails to cross the barrier 
and escape from shock. On the next trial, 
the dog again fails to escape. At first he 
struggles a bit and then, after a few seconds, 
seems to give up and passively accept the 
Shock. On all succeeding trials, the dog 
continues to fail to escape. 
2. A college student is confronted with a 
series of 25 letter anagrams, each with the 
same pattern, 34251, He has a little trouble 
with the first one, taking about 45 sec to 
E ; se pe each of the next three 
Each of the lact 16 am o D е pattern: 
mediate] ine iki Fak eta Ie 
den tis per. contrast is the college 
crimination brem em phe 
Or a series of fid ta tg е unsolvable 
ones which are inescap- 
able, He works hard on the first anagram 
trying many rearrangements of letters but 
fails to solve it in the 100 sec allowed, He 
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fails to solve the second one also. The third 
anagram, a relatively easy one, he solves, 
after about 60 sec. Не fails to solve the 
next eight, appearing to give up after about 
60 sec with each one. He then solves six 
in a row, but very slowly, and finally sees the 
pattern, He now solves the final three im- 
mediately. . 

3. A naive rat is placed in a shuttle box 
and trained to escape from shock. Shock 
terminates immediately upon his running to 
the opposite side; he learns readily, and 
escapes efficiently. A second rat who had 
received inescapable shock earlier in another 
apparatus learns just as well as the first rat 
to escape in the shuttle box. Now, how- 
ever, the contingency between crossing the 
shuttle box and shock termination is ob- 
fuscated; shock does not terminate im- 
mediately upon crossing, but only after 3 sec 
elapse. 'The first rat continues to escape 
readily, learning to bridge a 3-sec delay ої 
reinforcement. The second rat, however, 
fails to respond; on other trials, he runs 
across during shock, but overall he shows no 
learning curve. 

We believe these three phenomena are al! 
instances of “learned helplessness,” instances 
in which an organism has learned that out- 
comes are uncontrollable by his responses 
and is seriously debilitated by this knowl- 
edge. This article explores the evidence for 
the phenomenon of learned helplessness, and 
discusses a variety of theoretical interpreta- 
tons. Since the phenomenon results from 
experience with uncontrollable outcomes, We 
begin by defining uncontrollability. 


UxcoxTROLLABILITY AND THE I NSTRU- 
MENTAL TRAINING SPACE 


Learning theorists have usually viewed 
the relations between instrumental respond- 
ing and outcomes to which organisms are 
Sensitive in terms of the conditional proh 
ability of an outcome or reinforcer following 
а response P CRF/R), which can have values 
ranging from 0 to 1.0. At 1.0, every tC 
sponse produces a reinforcer or outcome? 
continuous reinforcement), At 0, a 16 
ое never produces a reinforcer (exti 
lon), Intermediate values represent уа 
015 degrees of partial reinforcement. 
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One conditional probability, however, is 
an inadequate description of the relations be- 
tween response and outcomes about which 
an organism may learn. Important events 
can sometimes occur when no specific re- 
sponse has been made, and it would be a 
woefully maladaptive organism that was in- 
sensitive to such a contingency. Rather 
than representing environmental contingen- 
cies as occurring along a single dimension, 
we think instrumental training can be better 
described using a two-dimensional space, as 
shown in Figure 1. The x-axis p(RF/R) 
represents the traditional dimension, the 
conditional probability of an outcome follow- 
ing a response. Orthogonal to the condi- 
tional probability of an outcome, given a 
response, is the conditional probability of an 
outcome occurring in the absence of that re- 
sponse p(RF/R). This dimension is repre- 
sented along the y-axis. We assume that 
organisms are sensitive to variations along 
both dimensions conjointly, and the empiri- 
cal meaning of this assumption is that sys- 
tematic changes in behavior should occur 
with systematic changes along both dimen- 
sions. There is considerable convergence of 
opinion and evidence among learning theo- 
rists today that organisms can indeed learn 
about the contingencies within this instru- 
mental training space, including the crucial 
45° line (e.g., Catania, 1971; Church, 1969;; 
Gibbon, Berryman, & Thompson, 1974; 
Maier, Seligman, & Solomon, 1969; Res- 
corla, 1967, 1968; Seligman, Maier, & Solo- 
mon, 1971; Wagner, 1969; Weiss, 1968). 
Thus an organism may learn the extent to 
which food occurs when it does not make a 
specific response along with learning the 
extent to which food occurs when it does 
make a specific response. 

Consider a few examples. In Figure 1, 
Point а (1.0,0) is a case of continuous re- 
inforcement: The subject is always rein- 
forced for response R, and is never rein- 
forced if it fails to make R. Point b (0,1.0) 
is a case in which the subject is never rein- 
forced for making the designated R, and is 
always reinforced for refraining from R (dif- 
ferential reinforcement of other behavior), 


Consider Point с (.5,2) : Here the subject 


on 


p (RF/R) 


20 40 60 80 400 
p (RF/R) 


Figure 1. The response-reinforced contingency 
space. ~(RF/R)= conditional probability of an 
outcome following a response, ~(RF/R) = condi- 
tional probability of an outcome occurring in the 
absence of that response. 


is reinforced 50% of the times that it makes 
R, but even if it fails to make R, it is rein- 
forced 20% of the time. 

The traditional training procedures ar- 
rayed along the л-ахіѕ have been thoroughly 
explored by many experimenters (e.g., Fer- 
ster & Skinner, 1957; Honig, 1966). The 
points in the training space which do not 
fall along the x-axis have not, however, been 
systematically investigated. Consider the 
points that lie along the 45° line (x, y, 
where x = у), Whether or not the subject 
responds, the density of reinforcement is the 
same. The conditional probability of an 
outcome, given a specific response, does not 
differ from the conditional probability of re- 
inforcement in the absence of that response. 
The outcome is independent of responding. 

The concepts of controllability and uncon- 
trollability are defined within this instru- 
mental training space. Any time there is 
something the subject can do or refrain 
from doing that changes what it gets, it has 
control. Specifically, a response R stands in 


a relation of control to a reinforcer RF if 
and only if 


P(RF/R) 4 p(RE/R), (1) 


Furthermore, when a response will not 


change what the subject gets, the response 
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and reinforcer are independent. Specifically, 
a response R stands in relation of independ- 
ence to a reinforcer RF if and only if 


p(RF/R) = p(RF/R). ^ (2) 


When this is true of all emitted responses 
(as in Pavlovian conditioning) the subject 
cannot control the reinforcer, and the rein- 
forcer is defined as uncontrollable. 

How can we tell that the phenomena we 
will discuss result from experiencing uncon- 
trollable outcomes as opposed to merely ex- 
periencing the outcome itself? To put it 
another way, how can we tell whether help- 
lessness is a psychological phenomenon as 
opposed to merely being the result of physi- 
cal stimulation? 

There is a simple and elegant experimental 
design which isolates the effects of con- 
trollability from the effects of the outcome 
being controlled. In this “triadic” design, 
three groups are used: One group receives 
as its pretreatment an outcome that it can 
control by some response. A second group 
is "yoked"—it receives exactly the same 
physical outcome as its counterpart in the 
first group, but there is no response the 
yoked subject can make which modifies these 

outcomes. А third group receives no pre- 
treatment. Later, all groups are tested on a 
new task. 

Helplessness does not result from trauma 
per se: In the studies we discuss, deficits 
do not occur in the groups that control 
shock, but only in the yoked group (Hiroto 
& Seligman, 1975; Maier, 1970; Maier, 
Anderson, & Lieberman, 1972; Seligman & 
Beagley, 1975; Seligman & Maier, 1967) 1 
The triadic design is a direct test of the 
hypothesis that learning that shock is uncon- 
trollable, and not shock per se, causes help- 
lessness, Here is an example of how the 
triadic design is used: Seligman and Maier 
(1967) used three groups of eight dogs. An 
escape group was trained in a hammock to 
turn off shock by pressing a panel with its 
nose, A yoked group received shocks identi- 

cal in number, duration, and pattern to the 
shocks delivered to the escape group. The 
yoked group differed from the escape group 


only with respect to the instrumental con- 


Е = Yoked 

E — Noive 

> 

Э *----* Escape 

ш 

E 

< 

zs 

= ч 
4 
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Figure 2. Median response latency in a shuttle 
box for dogs given escapable, yoked inescapable, 
or no shock in a harness. (The yoked group did 
not learn to escape.) (From “Failure to Escape 
Traumatic Shock” by Martin E. P. Seligman and 
Steven Е. Maier, Journal of Experimental Psy- 
chology, 1967, 74, 1-9. Copyright 1967 by the 
American Psychological Association. Reprinted 
by permission.) 


trol which it had over shock; while pressing 
the panel did not affect the programmed 
shocks in the yoked group, panel pressing 
terminated shock in the escape group. A 
naive control group received no shock in the 
hammock. 

Twenty-four hours after the hammock 
treatment, all three groups received escape/ 
avoidance training in a shuttle box, Figure 
2 shows the results of this experiment, The 
escape group and the naive control group 
performed well in the shuttle box, They 
Jumped the barrier readily. Tn contrast, the 
yoked group was significantly slower to re- 
spond than the escape group and the naive 
control group. Six of the eight subjects in 
the yoked group failed completely to escape 
shock. So it was mot the shock itself, but 
the inability to control the shock, that pro- 
duced failure to respond. 


Errkcrs or UNCONTROLLABILITY 


Having defined the objective conditions 


under which uncontrollability 


occurs and 


mental group, and 
trol groups, 


к= 
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delineated the kind of experimental design 
which isolates the effects of uncontrollability 
from the effects of stimulation per se, we now 
review the deficits produced by uncontrol- 
lable outcomes. In general, when an organ- 
ism experiences uncontrollable events, three 
deficits often ensue: motivational, cognitive, 
and emotional. 

a) The motivation to respond in the face 
of later aversive events seems to wane. b) 
Moreover, even if the subject does respond 
and the response succeeds in producing re- 
lief, the subject often has difficulty learning 
that the response worked. с) Finally, emo- 
tional balance may be distributed ; depression 
and anxiety, measured in a variety of ways, 
may predominate. The motivational deficits 
produced by helplessness are in many ways 
the most striking, so we turn to them first 
for review and analysis. 


Motivational Deficits 


Dogs. These sets of experiments form the 
base of the pyramid on which we construct 
a theory of learned helplessness, so these 
studies will be examined thoroughly. The 
behavior of dogs exposed to inescapable 
shock seems to typify what many species do 
when they are faced with uncontrollability. 

Here is the typical procedure that pro- 
duces learned helplessness in the dog (Over- 
mier, 1968; Overmier & Seligman, 1967; 
Seligman & Groves, 1970; Seligman & 
Maier, 1967; Seligman, Maier, & Geer, 
1968). On the first day, the subject is 
strapped into a hammock and given 64 in- 
escapable electric shocks, each 5.0 sec long 
and of 6.0 mA (moderately painful) in- 
tensity. "The shocks are not predicted by any 
signal and they occur randomly in time. 
Twenty-four hours later, the subject is given 
10 trials of signalized escape/avoidance train- 
ing in a two-way shuttle box. The dog 
must jump over the barrier from one com- 
partment into the other to escape or avoid 
shock. Shocks can occur in either com- 
partment, so there is no place that is always 
safe, but the response of shuttling or jump- 
ing always leads to shock termination. 

The onset of a signal (light dimming) be- 
gins each trial, and the signal stays on until 
the trial ends. The interval between the start 
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of the signal and the shock is 10 sec. Ifthe 
dog jumps the shoulder-high barrier during 
this interval, the signal terminates and shock 
is prevented. Failure to jump during the 
signal-shock interval leads to a 4.5-mA 
shock which remains until the dog jumps the 
barrier. If the dog fails to jump the barrier 
within 60 sec after signal onset, the trial 
automatically ends. 

Between the years 1965 and 1969 the be- 
havior of about 150 dogs that received prior 
inescapable shock was studied. Of these, 
two thirds (about 100) did not learn to 
escape and went through the striking se- 
quence of behaviors that we described. The 
other one third seemed completely normal. 
Like naive dogs, they escaped efficiently. 
There was no intermediate outcome. In- 
terestingly enough, of the several hundred 
naive dogs who had been given shuttle box 
training, about 95% have been efficient re- 
sponders. The other 5% failed to learn 
even with no prior inescapable shock. We 
believe that the prior history of these dogs 
before they arrived at the laboratory may 
determine whether a naive dog will show a 
learned helplessness effect and whether a 
dog given inescapable shock will be immune 
to this effect. When we discuss the theory 
and prevention of the learned helplessness 
effect below, we will be more explicit about 
how to immunize against failure to escape. 

Since dogs exposed to inescapable shock 
seem to be physically capable of jumping the 
barrier, the behavioral deficit must have a 
psychological base. Occasionally, they jump 
the barrier between trials, Further, if a dog 
has been sitting and taking shock after shock 
on the left side of the box, and the door on 
the right side is opened at the end of the 
session, he will often come bounding across 
to escape from the box altogether 

The learned helplessness effect in the dog 
occurs in a variety of situations and is easily 
produced, Within limits, it does not de- 
pend on the use of any particular shock 
parameters. We have varied the frequency, 
Intensity, duration, and temporal pattern of 
shocks, and still produced the effect. Further- 
more, it does not matter if the inescapable 
shock is or is not preceded by a signal. 


Finally, it does not matter what apparatus 
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the inescapable shocks are given in or where 
the escape/avoidance training takes place. 
The shuttle box and hammock are inter- 
changeable. If the dog is given inescapable 
shock in the shuttle box and then required 
to press panels with its head to escape in 
the hammock, he is still helpless. Further, 
after uncontrollable shock, dogs are not only 
debilitated at fleeing from the shock itself 
(escape), but they also seem to be unable 
to prevent or “avoid” shock. Overmier 
(1968) gave dogs inescapable shock in the 
hammock and then tested them in a shuttle 
box. If the dog jumped after the signal 
went on, but before the shock came on, he 
could avoid the shock. But no escape was 
allowed, for if the dog failed to jump in the 
signal-shock interval, the barrier was closed 
and inescapable shock occurred, The help- 
less dogs failed to avoid, just as they had 
failed to escape. So, dogs previously ex- 
posed to inescapable shocks failed to cope 
adaptively with signals for shock as well as 
with shock, 

Debilitation of response initiation as a con- 
sequence of uncontrollable outcomes has 
been reported in cats, rats, mice, birds, pri- 
mates, fish, and man, as well as in dogs. 
The learned helplessness effect seems rather 
general among species that learn. 

Cats. Thomas and Balter (in press) re- 
ported an effect in cats which seems identical 
to learned helplessness in dogs. (See also 
Masserman, 1943, 1971; Seward & Hum- 
phrey, 1967; Zielinski & Soltysik, 1964, for 
other reports of debilitation in cats caused by 
inescapable shock). They designed a ham- 
mock for cats and gave them inescapable 
shock. When later pla 


ced in a cat shuttle 
box, those cats failed to escape. Like dogs, 


they sat and took the shock. Thomas and 
Balter also reported that blocking activity of 
the septal area of the brain breaks up help- 
lessness, and directly stimulating the septum 
electrically produces a learned helplessness- 
like effect. When we discuss the theory and 
therapy for helplessness, we will examine 
these Physiological data in more detail. 
Fish, Following inescapable shock, fish 
also show poor escape and avoidance re. 
н Padilla, Padilla, Ketterer, and 
olone (1970) gave inescapable shock to 


goldfish and then tested them in an aquatic 
shuttle box. These fish were slower to 
avoid than naive controls. (See Behrend 
& Bitterman, 1963; Bintz, 1971; Frumkin 
& Brookshire, 1969; Padilla, 1973, for re- 
lated goldfish data.) j 
Rats. Until recently, it has proven dif- 
ficult to produce a learned helplessness effect 
in rats. A substantial number of experi- 
ments were performed involving inescapable 
shock; by and large, however, these showed 
rather small, if any, effects on later response 
initiation, (Maier et al., 1969, and Selig- 
man et al., 1971, reviewed the complicated 
literature, and the interested reader is re- 
ferred there for details. See also Anderson, 
Cole, & McVaugh, 1968; de Toledo & Black, 
1967; Dinsmoor & Campbell, 1965a, 1965Ь; 
Looney & Cohen, 1972; Mullin & Mogen- 
son, 1963; Weiss, Krieckhaus, & Conte, 
1968, for representative experimental 
studies.) Unlike dogs, a rat given prior 
inescapable shock was typically only a bit 
slower to escape shock on the first few trials, 


or slower to acquire avoidance—it did not 
fail to learn. 


After intensive experimentation, however, 
several investigators have now independently 
produced substantial learned helplessness ef- 
fects in rats. (Maier, Albin, & Testa, 1973; 
Maier & Testa, 1975: Seligman & Beagley, 
1975; Seligman, Rosellini, & Kozak, 1975.)° 
In doing so, one crucial factor emerged—the 
Tesponse used in the test for learned help- 
lessness must be difficult, and not something 
the rat does very readily, So, for example, 
if rats are first exposed to inescapable shock 
and then tested on a simple escape response 
like pressing a bar once (FR-1), or fleeing 
to the other side of a shuttle box, no deficits 

are found. If, however, the response re- 
quirement is increased—so the bar must be 
pressed three times in order for shock to 
end (FR-3 lever pressing) or the rat has to 
Tun across the shuttle box and back (FR-2 
shuttling )—then the rat that has experience 

inescapable shock fails to escape. In co" 
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t mice 


?In passing it should be mentioned that ol- 
have been reported to show response de eH. & 
lowing inescapable shock (Braud, Wepma™ 
Russo, 1969). 
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Ficure 3. Mean latency to press a lever to 
escape shock in an FR-1, FR-2, and FR-3 sched- 
ule, for rats given inescapable or no shocks. (The 
yoked subjects escaped very poorly only on the 
FR-3.) (From “Learned Helplessness in the Rat” 
by Martin E. P. Seligman and Gwyneth Beagley, 
Journal of Comparative and Physiological Psy- 
chology, 1975, 88, 534-541. Copyright 1975 by the 
American Psychological Association. Reprinted 
by permission. ) 


trast, rats that have had prior escapable 
shock or no shock learn even more difficult 
responses without difficulty (see Figure 3). 

Hannum, Rosellini, & Seligman (in press) 
recently extended these findings to develop- 
ment, Three groups of rats received four 
sessions of escapable, inescapable, or no 
shock shortly after they were weaned. At 
90 days of age they were tested on an FR-3 
lever press escape task. Rats that had re- 
ceived inescapable shock at weaning failed 
to escape shock. Rats that had received 
escapable shock or no shock escaped well 
(see Figure 4). 

Man, What are the laboratory effects of 
inescapable trauma in man? Like the dog, 
cat, rat, and fish, when a human being is 
faced with noxious events that it cannot 
control, its motivation to respond seems to 
be reduced. 

Hiroto’s study (1974) is representative 
and it replicated in college students the find- 
ings on dogs. In a triadic design, subjects 
in his escape group received loud noise which 
they learned to turn off by button pushing, 
The subjects in the inescapable group re- 
ceived the same noise, but the noise was 
independent of their responding. А third 
group received no noise. All the groups 


were then taken to a hand shuttle box; in 
order to escape noise the individual had only 
to move his hand from one side to the other. 
Both the no-noise and escape group learned 
readily to shuttle with their hands. Like 
other species, however, the human inescap- 
able group failed to escape and avoid; 
rather, most sat passively and took the aver- 
sive noise. (For other learned helplessness 
experiments in man, see Fosco & Geer, 
1971; Glass & Singer, 1972; Hiroto & Selig- 
man, 1975; Klein, Fencil-Morse, & Selig- 
man, in press, Krantz, Glass, & Snyder, 
1974; Miller & Seligman, 1975a, Note 1; 
Racinskas, 1971; Rodin, 1975, Roth, 1973; 
Roth & Bootzin, 1974; Roth & Kubal 1975; 
Thornton & Jacobs, 1971.) 

Hiroto’s design was actually more com- 
plicated and had two other important factors. 
Half the subjects in each of the three groups 
were told that how they did in the shuttle 
box was a test of skill; the other half were 
told that how they did was governed by 
chance. Those who received chance instruc- 
tions tended to respond poorly in all groups. 
Finally, the personality dimension of “ex- 
ternal vs. internal locus of control of rein- 
forcement” was also varied in Hiroto’s de- 
sign (see Lefcourt, 1966; Rotter, 1966; 
James, Note 2), with half of all the students 
in each group being "externals" and half 
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Ficure 4. Mean escape response latency for 
rats given either escapable, yoked inescapable, or 
no shocks as infants (Hannum, Rosellini, & Selig- 
man, in press). The rats given inescapable shocks 
as infants did not learn to escape.) 
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“internals.” An external is a person who 
believes, as shown by his answers on a per- 
sonality inventory, that reinforcements occur 
in his life by chance or luck and are beyond 
his control. An internal believes that he 
controls his own reinforcers and that skill 
will out. Hiroto found that externals be- 
came helpless in his experiment more easily 
than did internals (see also Dweck, 1975). 
So three independent factors, the laboratory 
procedure of uncontrollability, the cognitive 
set induced by chance instructions, and ex- 
ternality, each produced a learned helpless- 
ness effect. Given this convergence, Hiroto 
concluded that these three factors all erode 
motivation to escape by contributing to the 
expectation that responding and relief are 
independent. 

This concludes the survey of motivational 
deficits produced by exposure to uncontrol- 
lable aversive events in different species. It 
seems to be generally true that uncontrol- 
lability produces deterioration in the readi- 
ness of dogs, cats, rats, fish, monkeys, and 
men to respond actively to trauma. 

Generality. Does uncontrollability pro- 
duce a habit limited to situations very like 
the ones in which uncontrollability is experi- 
enced, or does it produce a more general ef- 
fect? The question we are really asking here 
is “Is helplessness just an isolated set of 
habits or does it involve a more basic 
change?” We believe that what is learned 
when the environment is uncontrollable can 
have consequences for a wide range of be- 
havior. 

At the lowest level of generality, helpless- 
ness transfers from some types of apparatus 
to others, as long as shock occurs in both 
situations; dogs given inescapable shock in 
a hammock fail to escape later in a shuttle 


box, ‚ But does what is learned transfer to 
aversive situations not involving shock? 
Braud et al. 


(1969) used a triadic design 
One group could escape shock 
up a pole, a second group was 
т third group received no shock. 
fended ed were then placed in an alley 
Be v à water and had to swim out in 
prestat Е The yoked group was 
Diet Ph марш from water. (See Mc- 

runer, 1939, for similar findings 
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Figure 5. Mean speed to escape a nonrewarded 
goalbox. (The group designated by E previously 
received escapable shocks, the group designated by 
I received inescapable shocks, and the groups 
designated by C received no shocks. The groups 
designated by 15 received rewarded runway ac- 
quisition training, whereas the group designated by 
0 did not. The rats given inescapable shocks 
[15-I] showed no tendency to escape the frustrat- 
ing goalbox.) (From “Frustration and Learned 
Helplessness" by Robert A. Rosellini and Martin 
E. P. Seligman, Journal of Experimental Psy- 
chology: Animal Behavior Processes, 1975, 1, 
149-157. Copyright 1975 by the American Psy- 
chological Association. Reprinted by permission.) 


in the rat, also for the earliest apparent 
learned helplessness study in the literature.) 
Rosellini and Seligman (1975) performed 
an experiment in which  shock-induced 
learned helplessness may have transferred 
to frustration. Three groups of rats received 
escapable shock, inescapable shock, or no 
shock. After this pretreatment, they learned 
to run down an alleyway in order to get 
food in a goal box. Food was present on 
every trial in the goal box. Once they had 
learned, food was no longer placed in the 
goal box. So during this extinction pro- 
cedure, the rats ran down the alleyway into 
the goal box where they expected food, but 
found none. This has been shown to be а 
"frustrating" and aversive experience for à 
rat (Amsel, Rashotte, & MacKinnon, 1966). 
The rats were then given an opportunity tO 
jump out of the goal box and escape this 
frustration, Rats that had experienced 
escapable shock or no shock escaped the £0? 
box readily, Rats that had experienced ™ 
escapable shock did not escape from the go 
box. (See Figure 5.) The effect of € 
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Figure 6. Shock-induced fighting frequency, for 
each of five test sessions, for rats that had received 
escapable, yoked inescapable, or no shocks. CIn- 
escapable shocks depressed fighting.) (From “In- 
fluence of Control of Shock on Subsequent Shock- 
Elicited Aggression" by Steven F. Maier, Christine 
Anderson, and David A. Lieberman, Journal of 
Comparative and Physiological Psychology, 1972, 
81, 94-100. Copyright 1972 by the American Psy- 
chological Association. Reprinted by permission.) 


posure to one kind of uncontrollable event 
generalized to another—frustration. 
Another possible instance of the transfer 
of a learned helplessness effect is related to 
"shock-elicited aggression." If two rats are 
placed in a small enclosure and repeatedly 
shocked, the shocks frequently come to 
elicit attack and aggressive posturing. Maier 
et al, (1972) gave rats escapable shock, 
inescapable shock, or no shock, and then 
placed these rats in a shock-elicited aggres- 
sion situation. As shown in Figure 6, the 
amount of shock-elicited aggression was 
lower in the rats previously exposed to in- 
escapable shock than it was in the rats given 
escapable or no shock (also see Payne, 
Anderson, & Murcurio, 1970; Powell & 
Creer, 1969). In a related study (unpub- 
lished data) we found that dogs that had 
received inescapable shock as puppies lost 
out in competition for food (only one nose 
fits into a coffee cup full of Alpo) with dogs 
that received no shock or escapable shock, 
So it seems that exposure to uncontrollable 
aversive events retards the initiation of ag- 
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gressive as well as defensive responses. (See 
Brookshire, Littman, & Stewart, 1961, Ex- 
periment 6; and Anderson & Paden, 1966, 
for other evidence on intra-aversive trans- 
fer.) 

Does experiencing uncontrollable aversive 
events have effects on nonaversively moti- 
vated behavior? Recently, Hiroto and Selig- 
man (1975) and Miller and Seligman 
(1975) systematically explored the transfer 
of helplessness between instrumental tasks 
and cognitive tasks. Three groups of col- 
lege students received escapable, inescap- 
able, or no loud noise. They were then 
switched to a nonaversive anagrams test, 
and time to solve a series of 20 anagrams 
like IATOP was recorded. Students who 
had received inescapable loud noise failed 
to find the solutions more often than the 
escape group and the no-noise group. So 
exposure to uncontrollable aversive events 
retards solution of cognitive problems in a 
nonaversive situation. 

Are the debilitating effects of uncontrol- 
lability only produced by uncontrollable 
trauma? What happens to response initia- 
tion when preceded by a history of uncon- 
trollable outcomes which are not traumatic? 
Hiroto and Seligman (1975) tried to pro- 
duce a learned helplessness effect using un- 
solvable discrimination problems. Just as a 
solvable discrimination problem is control- 
lable in the same sense that an escapable 
shock is controllable, an unsolvable discrimi- 
nation problem is uncontrollable in the same 
sense that an inescapable shock is uncon- 
trollable. The conditional probability of 
success given any response (e.g., to the left) 
is the same as the probability of success if 
the alternate response (e.g., to the right) is 
made. 

With the formal similarity of unsolv- 
ability and inescapability in mind, Hiroto 
and Seligman (1975) and Klein et al. (in 
press) gave three groups of college students 
four sets of solvable, unsolvable, or no- 
discrimination problems, Then all groups 
were given the hand shuttle box with loud 
noise to be escaped. Individuals who had 
solvable discrimination problems or no prior 
problems escaped noise readily, The un- 
solvable group failed to escape the noise, So 
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we believe that response initiation to con- 
trol noxious events may be impaired by ex- 
perience with uncontrollable reward. 

Equally intriguing is the possibility that 
delivery of appetitive events independent of 
behavior may produce a failure to learn re- 
sponses to procure such events, an effect 
analogous to learned helplessness. Engberg, 
Hansen, Welker, and Thomas (1973) 
trained one group of pigeons to press a 
treadle to obtain food. A second group of 
pigeons received food delivered indepen- 
dently of behavior, and a third group re- 
ceived only a small amount of magazine 
training. Following this pretreatment, all 
pigeons were tested with a key peck auto- 
shaping procedure. In autoshaping (Brown 
& Jenkins, 1968) the pigeon key is periodi- 
cally illuminated for a brief period of time, 
and food is presented at the end of each key 
illumination period whether or not a peck 
has occurred. Pigeons normally acquire 
key pecking under such an arrangement. 
The result was that the group given previous 

treadle press training was fastest to acquire 

key pecking and the group given noncon- 
tingent food was the slowest to acquire key 
pecking, Engberg et al. interpreted their 
results as constituting an appetitive analogue 
to learned helplessness; food was delivered 
independently of behavior, and this retarded 
the acquisition of a response to procure food, 
However, the Engberg et al. experiment 
has been criticized on a number of grounds 
(Gamzu, Williams, & Schwartz, 1973), 
First, Gamzu et al. argued that autoshaping 
is not a reasonable task to use in attempting 
to establish an appetitive analogue to learned 
helplessness because autoshaped key pecks 
are largely controlled by Pavlovian con- 
tingencies (Moore, 1973) rather than instru- 
mental contingencies ; learned helplessness is 
a debilitation of instrumental responding. 
Second, Gamzu et al. noted that it is easy 
to account for the Engberg et al. experiment 
in terms of competing motor responses. 
Both the group given treadle training and 
the group given noncontingent food would 
have been expected to learn a motor re- 
sponse incompatible with key pecking 
(treadle responding and standing by the 
grain hopper, respectively). However, Eng- 


berg et al. removed the treadle during the 
autoshaping test, and so it could be argued 
that the stimulus controlling the competing 
behavior was removed for the treadle group. 
The stimulus controlling any competing be- 
havior was not removed for the noncontin- 
gent food group, and this difference could 
account for the results. In response to 
these criticisms Welker (1974) conducted 
a further investigation of the phenomenon. 
One group of pigeons was trained to peck 
a key for food, a second was given non- 
contingent food, and a third was given only 
a small amount of magazine training. All 
pigeons were then given a test in which 
treadle pressing produced food on a con- 
tinuous reinforcement schedule. The key 
was present during the treadle test, so it 
could not be argued that the stimulus con- 
trolling the competing behavior was re- 
moved for the contingent food group. The 
results were the same as in Engberg et al.; 
noncontingent food presentation retarded ac- 
quisition, Taking a hint from the helpless- 
ness experiments in rats (see pp. 8-9), Wel- 
ker repeated his experiment with an FR-3 
treadle response as the test task, That is, 
the treadle had to be pressed three times in 
order to produce food. This magnified the 
size of the observed effect, 

A potentially related finding was recently 
reported by Bainbridge (1973). At 50 days 
of age, rats were given a solvable black— 
white discrimination problem, an unsolvable 
problem, or no problem. Twenty days later 
they were tested with the same tasks but 
different stimuli, or in а Hebb-Williams 
maze based on spatial cues, The rats given 
an initial unsolvable problem performed 
very poorly in both the same and the differ- 
ent apparatus, Thus exposure to appetitive 
events delivered independently of behavior 
may interfere with the acquisition of ap- 
petitively motivated responses, just as ex- 
posure to noncontingent shock interferes 
with the acquisition of shock-motivated re- 
sponses, 


So we believe that the psychological stat 
produced by uncontrollability may under" 
mine response initiation quite genera! | 
Dogs, rats, cats, fish, and people make i 
responses to escape shock after receiv" 
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uncontrollable shock. Furthermore, these 
motivational deficits may not be limited to 
shock or even noxious events. Escape from 
frustration, aggressive behavior, and even 
the propensity to solve anagrams might be 
undermined by inescapable aversive events. 
Conversely, uncontrollable rewards disrupt 
escape from loud noise, learning to procure 
food, and competitiveness. However, it 
should be stressed that many of the experi- 
ments cited here are subject to alternative 
interpretation, and much more research will 
be required before the true extent of these 
effects will be known. Clearly, there must 
be a limit to the degree of generalization of 
learned helplessness effects, and these limits 
must be explored and delineated. We can- 
not yet say what factors will prove import- 
ant. All that can be said now is that there 
appears to be some degree of transfer. 


Cognitive Deficits 


We have argued that a major consequence 
of experience with uncontrollable events is 
motivational; uncontrollable events under- 
mine the motivation to initiate voluntary re- 
sponses to control future events. Experience 
with uncontrollable events may also have a 
second consequence that is cognitive; ex- 
perience with uncontrollability may produce 
a difficulty in learning that responses have 
succeeded, even when responding is actually 


successful. Uncontrollability may retard the 
perception of control. 

This phenomenon seems to appear in 
helpless dogs, rats, and men. Occasionally, 
a naive dog sits and takes shock on the first 
three or four trials in the shuttle box, and 
then on the next trial jumps the barrier and 
escapes shock successfully for the first time. 
Once a naive dog makes one response that 
produces shock termination, it learns rapidly, 
On all further trials, the subject responds 
vigorously and goes on to learn to avoid 
shock altogether, But dogs that first re- 
ceived inescapable shock were different in 
this respect also, About one third of them 
go through a similar pattern—sitting through 
shock on the first three or four trials and 
then escaping successfully on the next. These 
dogs, however, then revert to taking the 
shock, and they fail to escape on future trials, 
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It appears as if one success is just not 
enough to make a dog that has experienced 
inescapable shock learn that his responding 
now produces shock termination. 

Miller and Seligman (1975) and Klein 
et al. (in press) found that such a negative 
cognitive set results from uncontrollability 
in man. Three groups of students received 
escapable, inescapable, or no loud noise. 
Then they confronted two new tasks, a task 
of skill and a task of chance. On each of 10 
trials in the skill task, they sorted 15 cards 
into 10 categories of shape, attempting to 
complete it within 15 sec. Unknown to 
them, the experimenter arranged to have 
them succeed or fail on any given trial by 
saying that time was up before they had 
finished or after. So they went through a 
prearranged run of successes and failures. 
At the end of each trial, the subjects rated 
(on a 0-10 scale) what they thought their 
chances of succeeding on the next trial 
would be. Subjects who were previously ex- 
posed to inescapable noise showed very little 
change in their expectancy for successes 
after each new success and failure, They 
had difficulty perceiving that their response 
would affect succeeding or failing. Control 
subjects and subjects who had escaped noise 
showed large expectancy changes following 
each success and failure. This showed that 
they believed outcomes to be dependent on 
their actions. The three groups did not 
differ in expectancy changes following suc- 
cess and failure in a “chance” task that they 
perceived as a guessing game. So inescap- 
able loud noise produced a cognitive set in 
which people believed that success and fail- 
ure is independent of their own skilled 
actions within the experimental situation, 
and they therefore had difficulty perceiving 
that skilled responses were effective. 

Hiroto and Seligman (1975), Miller and 
Seligman (Note 1) and Klein et al. (in 
press) also reported this negative cognitive 
set in another form. After escapable, in- 
escapable, or no noise, as the reader will 
recall, students had to solve anagrams (see 
P. 11). Two kinds of deficits emerged. 
Inescapable noise interfered with their 
ability to solve any given anagram. In 
addition, there was a pattern to the 20 ana- 
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TABLE 1 


Mean NuMBER AND STANDARD DEVIATION ОЕ 
CONSECUTIVE SUCCESSES BEFORE 
PATTERN SOLUTION 


Noise 
Subject Inescapable Escapable None 

Depressed 

M 5.9 4.2 ye 

SD 2.53 1.36 1.22 
Nondepressed 

M 6.9 4.5 3.7 

SD 3.36 1.58 .86 


Note. Adapted from Miller and Seligman (Note D. In- 
escapable noise increased the number of successes required in 
nondepressed subjects. 


grams to be solved; each was arranged 
with its letters in this order: 53124, for 
example, ISOEN, DERRO, OURPG, etc. 
As can be seen in Table 1, students who had 
received inescapable noise required about 
Seven consecutive successes before catching 
On to the pattern; students who received 
escapable noise or no noise needed about 
three consecutive successes, Unsolvable dis- 
crimination problems, incidentally, produced 
the same disruption of anagram solution as 
did inescapable noise, 

The existence of a negative cognitive set 
produced by independence between respond- 
ing and outcomes bears on an important 
issue in learning theory. When two events 
are presented independently of each other, 
for example, a tone and a shock presented 
at random, does the subject learn anything 
at all about the tone or does he merely come 
to ignore it? A helplessness point of view 
holds that men and animals actively learn 
that responses and outcomes are independent 
of each other, and one way the learning is 
manifested is by the difficulty they later 
have learning that the response produces the 
outcome when it does, Merely substitute 
shock for outcome and tone for response, 
This Suggests that organisms should also 
actively learn when a tone and shock are 
independent and that organisms show this 
by having trouble learning later that the tone 
is followed by the shock when it actually is 
Rescorla (1967) held the contrary view, 
Independence between a tone and shock is а 
neutral condition in which nothing is learned, 
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Recent investigation has shown that active 
learning does indeed occur when condi- 
tioned stimuli (CSs) and unconditioned 
stimuli (USs) are independently presented. 
Mellgren and Ost (1971) reported that a 
group for which CSs were presented inde- 
pendently of food took longer to learn later 
that the CSs were associated with the food 
than did naive rats (or even rats for whom 
the CSs predicted the opposite relationship 
with food). Kemler and Shepp (1971) 
showed that irrelevant stimuli were most 
slowly learned about when they became the 
relevant stimuli for the solution of a discrimi- 
nation problem for children. "Thomas, Free- 
man, Svinicki, Burr, and Lyons (1970) 
Showed that pigeons that had two colors 
presented independently of food tended not 
to discriminate later between two line tilts, 
one of which predicted the presence of food 
and the other its absence. MacKintosh 
(1973) also reported retardation of condi- 
tioning by prior CS-US independence. 

So independence between two stimuli 
may produce active learning, and this learn- 
ing seems to retard the ability of rats, pi- 
geons, and men to learn later that the stimuli 
depend on one another. This evidence co- 
heres with the effects of response-outcome 
independence on cognition and bolsters the 
hypothesis that such independence retards 
the ability of the organism to perceive that 
his responding has contingent consequences 
(also see the discussion of experiments by 
Maier & Testa, 1975, pp. 24-25). 


Emotional Deficits 


Our first hint that uncontrollable aversive 
events had emotional as well as motivational 
and cognitive consequences came when. we 
found that the motivational effects dissi- 
pated in time under some circumstances. 
Overmier and Seligman (1967) found that 
after one session of inescapable shock in the 
hammock, dogs were helpless in the shuttle 
box 24 hours later. If, however, the dogs 
Were not tested in 24 hours, but at 48, 72, 
Ог 168 hours after inescapable shock, they 
Were normal. This is the only circumstance 
we know under which helplessness dissipates 
In time, If multiple sessions of inescap 
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shock are given to the dog in the hammock, 
he will fail to escape a week later in the 
shuttle box (Seligman & Groves, 1970). 
Further, if the dog is reared from birth in 
laboratory cages, having minimal experience 
with control over events, small amounts of 
inescapable shock produce nontransient help- 
lessness (Seligman & Groves, 1970). Finally, 
no time course has been observed in rats; 
following one session of inescapable shock, 
rats fail to escape 5 minutes, 1 hour, 24 
hours, and 168 hours later. It must be 
borne in mind however, that under one cir- 
cumstance—a single session of inescapable 
shock in dogs of unknown past history— 
helplessness dissipates in time, and such a 
time course hints of a transient emotional 
disturbance. 

Other evidence indicates the emotional 
consequences of uncontrollability. Опе 
widely quoted study (Brady, Porter, Con- 
rad, & Mason, 1958) is related to uncon- 
trollability and helplessness, but appears to 
show less emotionality with uncontrollability. 
Two groups of four monkeys were given 
shocks; half of them—the "executives"— 
had control over the shock and could avoid 
them by bar pressing. The other four were 
yoked, or helpless, since they could not 
modify shock. The executives formed stom- 
ach ulcers and died, but the helpless mon- 
keys did not. Unfortunately, this result 
may be an artifact of the way the monkeys 
were assigned to the two groups. All eight 
monkeys were placed on the executive sched- 
ule originally, and the first four to start 
the lever pressing became the executives. 
The last four became the yoked subjects. 
Tt is possible that the more emotional a mon- 
key is, the more quickly it begins to bar 
press when it is shocked (Sines, Cleeland, & 
Adkins, 1963). So the four most emotional 
animals may have become the executives, 
and the four least emotional may have be- 
come the yoked subjects. 

Jay Weiss (1968, 1971a, 1971b, 1971c) 
has recently repeated the executive monkey 
design with rats, (See also Moot, Ceballa, 
& Crabtree, 1970.) Three groups of rats 
were randomly assigned to the triadic de- 
sign. The executive animals showed fewer 
and less severe ulcers than the yoked ani- 


mals. Moreover, the yoked rats lost more 
weight, defecated more, and drank less than 
the executive. So rats given inescapable 
shock show more stress or emotional effects 
when measured by stomach ulcers than rats 
who can control shock. 

There is further evidence in rats that un- 
controllable shock produces more severe 
emotional reactions than does controllable 
shock. Mowrer and Viek (1948) shocked 
two groups of rats while the rats were 
eating. One group could control the shock 
by jumping in the air, and the other group 
received uncontrollable shock. The rats 
getting uncontrollable shock subsequently 
ate less than those controlling shock (see 
Brimer & Kamin, 1963; Desiderato & New- 
man, 1971; Lindner, 1968; and Payne, 1972, 
for an ongoing controversy surrounding these 
data). ln an analogous human study by 
Hokanson, DeGood, Forrest, and Brittain 
(1971), subjects performed a symbol match- 
ing task while being shocked. The schedules 
were individually arranged so that each sub- 
ject received an average of one shock every 
45 sec, Subjects in the controllability group 
were allowed to take as many time-outs as 
they wished whenever they wanted. A yoked 
control group received the same number of 
time-outs at the same times, Measures of 
blood pressure taken at 30-sec intervals in- 
dicated that yoked subjects showed con- 
sistently higher blood pressures. (See Averill 
& Rosenn, 1972; Bandler, Madaras, & Bem, 
1968; Corah & Boffa, 1970; Elliot, 1969; 
and Stotland & Blumenthal, 1964, for re- 
lated studies in humans using a variety of 
other measures of emotional arousal. This 
is a complex and inconsistent literature and 
is reviewed by Averill, 1973.) 

Hearst (1965) found that the presenta- 
tion of uncontrollable shocks resulted in a 
breakdown of a well-trained appetitive dis- 
crimination in rats. During uncontrollable 
shock his rats no longer discriminated be- 
tween two stimuli, one of which signaled the 
presence and the other the absence of food. 
During controllable shock the appetitive 
discrimination was maintained, 

Such breakdown of appetitive discrimina- 
tions is reminiscent of the classic work on 


“experimental neurosis.” The concept of 
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experimental neurosis is not a homogeneous 
one; neither is it well defined. Unlike the 
other studies reviewed, controllability has 
not been manipulated explicitly to produce 
the “neurosis.” Yet from an operational 
point of view, we can speculate that the 
lack or loss of control may be important in 
their etiology. Typically, an animal is re- 
strained in some type of harness seriously 
limiting what it can до. Often the procedure 
is Pavlovian, and by definition the organism 
has no control over the onset or the offset 
of the stimuli presented. In Shenger-Krest- 
nikova’s (in Pavlov, 1927) classic experi- 
ment, an appetitive discrimination deterio- 
rated and signs of distress were noted when 
the dog could no longer tell the difference 
between the rewarded and nonrewarded stim- 
ulus. In the work of Liddell, James, and 
Anderson (1934), sheep developed a range 
of maladaptive behaviors following uncon- 
trollable electric shock. Masserman (1943) 
trained monkeys to feed in response to a 
Signal and made them "neurotic" by pre- 
senting a fear-arousing stimulus during 
feeding. Without "therapy" these monkeys 
remained disturbed almost indefinitely. Ac- 
cording to Masserman (1943) : 


Markedly different, however, was the case of ani- 
mals that had been taught to manipulate various 
devices that actuated the signals and feeder be- 
cause in this way they could exert at least partial 
control over their environment. This stood them 
in good stead even after they were made neurotic 
in as much as when their hunger increased they 
gradually made hesitant, but Spontaneous, attempts 
to reexplore the operation of the switches, signals 
and food boxes, and were bolder and more suc- 
cessful as food began to reappear. (р. 82) 


In a dramatic primate study, Stroebel (1969) 
trained a group of rhesus monkeys to air- 
condition their overheated chamber by press- 
ing a lever, and also to control loud noise 
annoying light, and mild shocks by pressing 
the same lever, He then retracted the lever 
50 that it could still be seen, but could no 
longer be pressed, No further physical stres- 
sors were presented. Initia responding was 
frantic, Brain temperature became irregular 
and the circadian thythm was disrupted 


As rhythm disturbance 


++ group of subjects began + i 
weakness ; their fur be borsa jx a 
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poorly groomed; behaviorally they performed un- 
predictably if at all on the right hand lever prob- 
lems, pausing often for naps and rest. The be- 
haviors exhibited by these animals were clearly 
nonadaptive in nature; for example, two subjects 
spent hours in catching “imaginary” flying insects, 
one subject masturbated almost continuously, 
three subjects became almost compulsive hair 
pullers, and all tended to show movement stereo- 
typy alternating with an almost total lack of in- 
terest in their external environment. (Stroebel, 


1969, p. 97) 


It is not clear whether there can be any 
one theory which can account for “experi- 
mental neuroses,” nor is it clear whether all 
these phenomena are closely related. But 
uncontrollability is prominently present, and 
emotional disruption is the frequent result. 

In summary, three types of disruption 
seem to be caused by uncontrollability of 
aversive events in the laboratory: The mo- 
tivation to respond is reduced, the propensity 
to perceive success is undermined, and emo- 
tionality is modified. 
across a variety of situations and species. We 
need a theory to put all this together and we 
will now propose опе. 
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The basic facts about learned helplessness 
effects in the laboratory have now been ar- 
Tayed before the reader. What must an 
adequate theory of helplessness accomplish ? 
It must account for the three facets of the 
effects of uncontrollable aversive events: 
motivational, Cognitive, and emotional. It 
must be testable: there should be experi- 
ments that can be performed which would 
confirm it if it is true, or disconfirm it if 18 
false. Finally, it must be applicable outside 
the laboratory—it must be useful in explain- 
ing any helplessness effects found in the real 
World. This final requirement is beyond the 
Scope of this article, but the interested reader 
should see Seligman (1975). ; 

The theory to be presented is straight- 
forward, and the groundwork for it has been 
Prepared by the way we laid out the data 
above. Tt accounts directly for the motiva- 
tional and cognitive deficits and, with a" 
additional premise, can account for the et 
tional disturbance. The theory has bee 
tested in several ways, and as a bonus ? 


These effects hold’ 
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predicts ways to eliminate helplessness effects 
and ways to prevent them. 

When an organism is faced with an out- 
come that is independent of his responses, 
he sometimes learns that the outcome is in- 
dependent of his responses. 

This is the cornerstone of our view and 
probably seems obvious to all but the most 
sophisticated learning theorist. You will re- 
call our discussion of the response contin- 
gency space (Figure 1). Learning theorists 
would much prefer that the kinds of con- 
tingencies that can be learned about be as 
simple as possible. First they believed that 
the most that could be learned about was a 
simple pairing of a response and an outcome, 
and the pairing of the response with the ab- 
sence of the outcome. But this had to be 
broadened to include partial reinforcement, 
with the subject integrating both kinds of 
pairings. So what could be learned about 
was broadened to the probability of an out- 
come given a response. Then, it was shown 
that organisms could also learn about the 
probability of an outcome given that it did 
not make the indicated response. The added 
step which our view makes is that the organ- 
ism can learn about both these probabilities 
conjointly, that variation of experience cor- 
responding to the points in the response 
contingency space will produce systematic 
particular, we have argued that exposing 
changes in behavior and cognition. In 
organisms to the 45? line, in which the prob- 
ability of the outcome is the same whether or 
not the response of interest occurs, produces 
learning. Behaviorally, this learning should 
tend to produce lack of response initiation to 
control the outcome; cognitively it should 
produce a belief in the inefficacy of respond- 
ing and difficulty in learning that responding 
succeeds: and emotionally when the outcome 
is traumatic it might produce emotional 
changes. 

The basic triadic design employed in all 
the helplessness studies reviewed above is, of 
course, directly relevant to the premise that 
men and animals learn about, and form ex- 
pectations concerning, independence between 
outcome and responses, So, for example, 
in the Seligman and Maier (1967) study 
only the yoked dogs later failed to escape 
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shock, while the dogs who could escape by 
panel pressing and the dogs who were not 
shocked did not fail to respond later. Clearly 
something different happened to the dogs 
that received shock independently of their 
responses. We believe they learned that 
responding was futile and therefore expected 
future responding to shock to be futile. We 
have gone to pains to give an objective 
definition of wncontrollability and response- 
outcome independence, This is because the 
theory is basically a three-step affair. 


Information about contingency > 
Cognitive representation of the contingency 
(learning, expectation, perception, belief) — 
Behavior 


An organism must begin with the informa- 
tion about the contingency between response 
and outcome. This information is a prop- 
erty of the world out there, a set of stimuli, 
and not a property of the receiver. We have 
carefully defined the kind of information that 
can be called information that a response and 
an outcome are independent. 

But the middle step in the chain is crucial 
and is easily overlooked. The information 
about the contingency must be processed and 
transformed into a cognitive representation 
of the contingency. Such a representation 
has been variously called "learning that out- 
come and response are independent," “per- 
ceiving that response and outcome are in- 
dependent," or "believing that response and 
outcome are independent.” We prefer to 
call the representation "the expectation that 
responding and an outcome are independent." 

A person or animal can be exposed to the 
environmental contingency in which an out- 
come response are independent, yet not 
form such an expectation. Immunization, 
as we shall see later in this article (refer to 
p. 25), is an example. Conversely, a per- 


3 For attempts to spell out in detail the relation- 
ship between the contingency information and its 
cognitive representation, the interested reader should 
consult, for example, Kelly (1967, 1972), Weiner, 
Frieze, Kukla, Reed, Rest, and Rosenbaum (1971) 
from an attribution theory point of view; Irwin 
(1971) and Seligman and Johnston (1973) from 
а cognitive-learning theory point of view; as well 
as Lazarus (1966) and Stotland (1969) 
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son can show a helplessness effect without 
being exposed to the contingency as such; 
he can merely be told that events are uncon- 
trollable. 

Glass and Singer (1972) have done an 
extensive series of studies on the role of 
controllability in reducing stress and have 
found that merely telling a human subject 
about controllability duplicates the effects of 
actual controllability. They attempted to 
mimic the stress of the urban environment 
by having their subjects (college students) 
listen to a very loud melange of sound: two 
people speaking Spanish, one person speak- 
ing Armenian, a mimeograph machine, a 
calculator, and a typewriter. When sub- 
jects could actually turn off the noise by 
button pushing, they were more presistent 
in problem solving, they found the noise 
less irritating, and they did better at proof- 
reading than yoked subjects. 

Glass and Singer also presented another 
group of subjects with the same noise, but 
this time it was uncontrollable. However, 
this group had a panic button and was told: 
“You can terminate the noise by pressing 
the button. But we'd prefer you not do it.” 
None of the subjects in fact tried to turn 
off the noise. All they had was the false 
information that they could control the noise 
if they had to, These subjects did just as 
well as the subjects who actually controlled 
the noise. Actual controllability and actual 
uncontrollability may often produce cor- 
responding expectations. But this type of 
experiment, in which the expectation is in- 
valid, highlights the fact that it is the ex- 
pectation and not the objective conditions of 
controllability that is the cornerstone of our 
theory, | (See also Geer, Davison, & Gatchel, 
1970; Geer & Maisel, 1972; Klein et al., in 
press ; Langer, 1974. Pervin, 1963; and 
Stotland & Blumenthal, 1964, for related 
effects of perceived control, 

So the first step of the theory is that the 
organism BERuiLeS an expectation of re. 
ca monn, vie ош 
i : €. 'The second step 
in the theory is the means by which the ех- 
pectation of Tésponse-outcome independence 


produces the effects associated wi 5 
ng with helpless- 


We assume that the incentive to initiate 
voluntary responses in a traumatic situa- 
tion is partly produced by the expectation 
that responding produces relief. In the ab- 
sence of this incentive, voluntary responding 
will decrease in likelihood. When a person 
or animal has learned that relief is indepen- 
dent of responding, the expectation that re- 
sponding produces relief is negated, and 
therefore response initiation is reduced. 
Most generally put, the incentive to initiate 
voluntary responses to control any outcome 
(e.g., food, sex, shock termination) comes, 
in part, from the expectation that responding 
produces that outcome. (See Bolles, 1972, 
for a discussion of expectational mechanisms 
and incentive motivation.)* In the absence 
of this incentive, voluntary responding will 
decrease in likelihood. When a person or 
animal has learned the outcome is indepen- 
dent of responding, the expectation that re- 
sponding will produce the outcome, and 
therefore response initiation, decreases. 

The way in which this undermining of 
motivation works has been seen with crystal 
clarity in a human helplessness experiment 
(Thornton & Jacobs, 1971. Following in- 
escapable shock, college students sat and 
took the shock. When asked why they did 
not respond appropriately, 60% of the sub- 
jects reported they had no control over 
shocks, so why try. These subjective re- 
ports suggest that a belief in uncontrollability 
undermines the incentive to initiate re- 
sponses, 


We also assume that learning that an out- 
come is independent of a response makes it 
more difficult later to learn that responses 
produce that outcome. 

Response-outcome independence is an ac- 
tive form of learning, and like any other 
active form of learning, it can proactively 
interfere with contravening forms of learn- 
ing through an associative interference. At 


*It should also be mentioned that innately 
elicited struggling is another source of responding 
11 а traumatic situation, but it is the waxing ee 
Waning of voluntary (outcome-sensitive) гевро у 
which is our concern here. This does not T В 
that innate responses can be transforme 72): 
voluntary responses (Schwartz & Williams, 19 


LEARNED HELPLESSNESS: THEORY AND EVIDENCE 19 


first the dog is not a passive recipient of 
shock but emits many responses, but each of 
the responses is unrelated to shock termina- 
tion. The dog might, for example, turn his 
head and shock might happen to go off on 
the trial, but on other trials he might turn 
his head and shock would not go off. Shock 
would also terminate when he had not turned 
his head. Now when he is tested in the 
shuttle box and jumps the barrier, which in 
reality causes shock termination, the dog has 
trouble learning this. This is because he has 
had many experiences in which a pairing be- 
tween a response and shock termination 
proved spurious and, as for head turning, he 
still expects that shock will just as likely go 
off if he fails to jump the barrier. Such a 
dog may return to taking shock even after 
he makes one or two “successful” jumps. 
In contrast, a naive dog has no interfering 
expectation that shock termination is inde- 
pendent of responding, so one experience 
with barrier jumping leading to shock term- 
ination is sufficient for him to learn. For 
some evidence regarding such associative 
interference see the discussion of Maier and 
Testa (1975), pp. 24-25. 

This, then, is the theory of helplessness. 
The expectation that an outcome is inde- 
pendent of responding (a) reduces the mo- 
tivation to control that outcome and (b) 
interferes with learning that responding con- 
trols the outcome. 

Seligman (1975) has recently extended 
this theory to changes in emotionality. He 
argued that when a traumatic event first 
occurs it causes a heightened state of emo- 
tionality, which has been called “fear.” The 
ear continues until the subject learns that 
he can or cannot control the trauma. If the 
subject learns he can control the trauma, 
fear is reduced and may disappear altogether. 
If the subject learns that he cannot control 
the traumatic event, fear decreases and is 
replaced with depression. For a more de- 
ailed discussion see Seligman (1975). 


ALTERNATIVE EXPLANATIONS 
Now that we have described the learned 
helplessness hypothesis and the manner in 


which it is able to account ior the phe- 
nomena under consideration, we will describe 


some theoretical positions which have been 
advanced as alternatives to the helplessness 
hypothesis. It should be noted at the outset 
that these hypotheses have been offered as 
explanations of only the fact that organisms 
exposed to inescapable shock later fail to 
learn to escape and avoid shock in a shuttle 
box, rather than as explanations of the 
broad range of phenomena considered above. 
"Thus we will describe these theoretical posi- 
tions in the context of the basic learned 
helplessness effect. These alternative the- 
ories can be divided into two groups, motiva- 
tional accounts and motor accounts. 


Motivational Alternatives 


Adaptation. The adaptation hypothesis 
maintains that a subject adapts to shock 
during pretreatment with inescapable shocks 
and is therefore not sufficiently motivated to 
escape from shock in the shuttle box. The 
hypothesis is inadequate: 


1. Adaptation to repeated, intense shock 
has never been demonstrated (Church Lo- 
Lordo, Overmier, Solomon, & Turner, 
1966). 

2. It is unlikely that very much adapta- 
tion could persist for as long as 24 hours 
and beyond. 

3. In experiments with dogs, the dogs do 
not look as though they are adapted; they 
howl, defecate, and urinate to the first 
shock presentation in the shuttle box. On 
later trials, the dogs are passive; but they 
whimper and jerk with the shock. 

+. We have disconfirmed the adaptation 
hypothesis experimentally. Raising the shock 
level in the shuttle box should increase 
motivation to escape. However, Overmier 
and Seligman (1967) found that increasing 
the shock level from 4.5 mA to 6.5 mA does 
not eliminate the interference effect. 

5. A series of escapable shocks in the 
hammock does not produce failure to escape 
in the shuttle box (Seligman & Maier, 
1967), while the same shocks, if inescapable, 
do produce failure to escape. By this hy- 
pothesis, both conditions should lead to 
equal adaptation to shock and to similar be- 
havior in the test situation, but they do not. 
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6. Seligman and Maier (1967) gave one 
group of dogs 10 trials of escape/avoidance 
training in a shuttle box before treatment 
with inescapable shock in the harness, Fol- 
lowing exposure to inescapable shocks in the 
harness, the dogs escaped and avoided shock 
normally when returned to the shuttle box. 
Thus prior exposure to controllable shock 
"immunized" the dogs against the interfer- 
ing effects of exposure to inescapable shocks, 
This result follows from the helplessness hy- 
pothesis because prior experience with con- 
trollable shock should proactively interfere 
with the subject's learning that shock is un- 
controllable and should also allow the sub- 
ject to discriminate between the places where 
shocks are controllable and uncontrollable. 
However, this result is not consistent with 
the adaptation hypothesis, Prior exposure 
to escapable shock in the shuttle box should 
not eliminate any adaptation produced by 
inescapable shocks in the harness, 

7. If the subject is tested and fails to 
escape 24 hours after inescapable shocks, 
the learned helplessness effect will persist in 
chronic form ; the subject will fail to escape 
on later opportunities, The helplessness 
hypothesis suggests a way to eliminate chro- 
nic failure to escape. By this hypothesis, 
the dog does not try to escape because 
he does not expect that any instru- 
mental response will produce shock termina- 
tion. By forcibly exposing the dog to the 
escape and avoidance contingencies, this ex- 
pectation might be altered. This type of 
training by "putting through" has been used 
by others with mixed Success (Loucks, 


1928; Woodbury, 
(1968) reasoned 
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spond on his own. Then the barrier was re- 
placed, and the subject continued to escape 
and avoid. The recovery from helplessness 
was complete and lasting, This type of ех- 
posure to the escape and avoidance contin- 
gencies should not affect any adaptation to 
shock that might have been present. Selig- 
man et al. (1975) replicated these findings 
in rats. 


Sensitization, Perhaps the inescapable 
shocks received in the harness sensitize the 
subject to shock so that it is too motivated 
to enable it to make organized responses in 
the shuttle box. This hypothesis is inade- 
quate. (a) Sensitization explains the in- 
efficiency of responding but not the absence 
of responding. (b) Lowering the shock 
level in the shuttle box should permit the 
subject to make organized responses. How- 
ever, Overmier and Seligman (unpublished 
data) found that the interference effect is 
not attenuated when shock in the shuttle box 
is reduced to 3.0 mA, (3) Arguments 5, 
6, and 7 in the previous paragraph, which 
invalidate the adaptation hypothesis, also in- 
validate the sensitization argument. 


Motor Activity Alternatives 


Within the last 2 years three hypotheses 
have been offered as explanations of the 
learned helplessness effect which are more 
difficult to dismiss than are sensitization and 
adaptation. These explanations have the 
advantage that they are able to account for 
the fact that the learned helplessness effect 
is determined by the controllability of the 
shock during the initial treatment. We have 
classified them as motor activity hypotheses 
because they all maintain that exposure to 
inescapable shock interferes with subsequent 
Shuttle box acquisition because it changes 
motor activity. Two of these hypotheses 
argue that exposure to inescapable shock 
establishes a motor response that is incom- 
Patible with shuttling and therefore competes 
With shuttling. Thus these two hypotheses 
argue that the organism does not learn shut- 
tling because it is performing a motor re- 
Sponse that prevents the occurrence of shut- 
tling, The remaining hypothesis maintains 
that inescapable shock is а powerful stressoT 
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and depletes a neurochemical necessary for 
the occurrence of movement. Thus this view 
holds that inescapably shocked animals fail 
to acquire shuttling because they cannot 
move sufficiently. 

Incompatible motor response theories. As 
already noted, two different incompatible 
motor response explanations of the learned 
helplessness effect have been proposed. The 
first to be described was offered by Brace- 
well and Black (1974) and was suggested 
by three experiments, In their first experi- 
ment they examined the effects of restraint 
and inescapable shock upon simple FR-1 
shuttlebox escape/avoidance acquisition, 
They found that restraint in the absence of 
any exposure to inescapable shock produced 
a decrement’ in FR-1 shuttlebox acquisition, 
but that exposure to inescapable shock in the 
absence of restraint did not produce a reli- 
able decrement. In their second experiment 
Bracewell and Black found that exposure to 
“high” intensity (1.0 mA) inescapable shock 
produces a small decrement in FR-1 shuttle 
box acquisition even when delivered in the 
unrestrained condition. In their final ex- 
periment Bracewell and Black explicitly 
punished movement by arranging a positive 
correlation between movement and shock 
intensity. This procedure led to a decre- 
ment in subsequent FR-1 shuttle box ac- 
quisition. 

Bracewell and Black (1974) proposed the 
following interpretation of their data: 

One explanation that accounts for these results is 
the operant conditioning of responses incompatible 
with the shuttle box escape response that occurred 
in the third case [where movement was explicitly 
punished], also occurred in the first two. That 
is, restrained rats may have been punished for 
struggling and consequently, learned to hold still, 
and unrestrained rats may have learned to hold 
still or to perform some other incompatible re- 
sponse to reduce the high intensity shock. (p. 67) 

Thus Bracewell and Black (1974) argued 
that because explicit punishment of move- 
ment produced a retardation in shuttle box 
acquisition, the other instances of retarded 
acquisition might also be due to punishment 
of movement during the pretreatment phase, 
They went on to argue that the learned 
helplessness effect might be explainable in 
the same terms. It should be noted that 
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this hypothesis can explain why .escapable 
shock does not produce a subsequent decre- 
ment. If shock is escapable, the organism 
learns a response that completely eliminates 
shock (the escape response) and so does 
not have to learn a response that only miti- 
gates shock (the putative incompatible re- 
sponse). It need only be argued that the 
former is not incompatible with shuttling but 
the latter is. 

We will present a large amount of data 
which we feel to be inconsistent with the 
Bracewell and Black (1974) hypothesis. 
However, these experiments also bear on the 
second competing motor response theory and 
so they will not be presented until that theory 
has been described. Nevertheless, a few 
comments are appropriate here. First, the 
fact that explicit punishment of movement 
produces a decrement in subsequent escape/ 
avodiance acquisition does not imply that 
other procedures which produced escape/ 
avoidance decrements do so because they 
punish movement. There are undoubtedly 
many ways to produce poor escape acquisi- 
tion, and it is unlikely that all operate 
through a similar mechanism.  Paralyzing 
the animal with a drug would retard escape 
acquisition, but this does not mean that the 
debilitating effect of inescapable shocks oc- 
curs because inescapable shock induces pa- 
ralysis. Thus the retarding effect of move- 
ment punishment does not imply that in- 
escapable shock retards acquisition because 
it punishes movement. Moreover, the ex- 
plicit punishment of movement in the Brace- 
well and Black experiment led to a much 
smaller escape acquisition decrement than 
did inescapable shock delivered to restrained 
subjects. The punishment procedure in- 
creased the subsequent mean escape latency 
across the 10 test trials from the control 
level of 2.4 sec to 9.1 sec. The inescapable 
shock procedure resulted in a 21.5-sec mean 
escape latency. So it can be argued that the 
explicit training of an incompatible response 
did not duplicate the effects of exposure to 
inescapable shock in restrained subjects, and 
so the argument that the movement punish- 
ment effect accounts for the inescapable shock 
effect seems questionable. Tt can, of course, 
be argued that a more effective or different 
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punishment procedure might yield a larger 
escape decrement, but that remains to be 
demonstrated. 

Further, it is not clear that Bracewell and 
Black (1974) employed a test procedure that 
is generally sensitive to learned helplessness 
effects. In order for an effect to be called a 
learned helplessness effect, it must be demon- 
strated that the effect is caused by the con- 
trollability of the events delivered during 
pretreatment. There is no evidence that 
decrements in FR-7 shuttle box acquisition 
produced by prior exposure to shock are 
caused by the inescapability of the shocks in 
rats. There is not a single study employing 
a triadic design in rats (see p. 6) that has 
found appropriate effects with FR-1 shuttling 
as the dependent variable, In fact, there 
have been both reported (Anderson, Schwen- 
diman & Payne, Note 3; Maier et al, 
1973; Seligman & Beagley, 1975) and un- 
reported (Carder, Leaf, Note 4) failures to 
find any effect of prior exposure to shock on 
FR-1 shuttle box escape acquisition in the 
rat. It is to be noted that both Anderson 
€t al. and Maier et al. (1973) delievered in- 
escapable shock to restrained rats and still 
failed to observe any effects. There are a 
number of differences between the various 
FR-1 shuttle box experiments, and it is not 
known which are responsible for the differ- 
ence in results. Nevertheless, the dependent 
variable used by Bracewell and Black may 
not be one that is sensitive to helplessness 
effects in rats and so the implications of 
their results for learned helplessness is dif- 
ficult to assess. 

A further problem concerns the generality 
of the effects found by Bracewell and Black 
(1974). It will be recalled that they found 
restraint in the absence of shock to produce 
a subsequent escape deficit and inescapable 
shock in the absence of restraint to produce 
only a small escape decrement. However, 
Maier et al. (1973) used an escape/avoid- 
ance task known to he sensitive to helpless- 
ness effects in rats (see р. 8) and found 
no effect of restraint alone. Cohen (1970) 
found no effect of restraint on shuttle box 
escape/avoidance acquisition in dogs. 
Further, Looney and Cohen (1972), Selig- 
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et al. (1975) reported large escape deficits 
produced by exposure to inescapable shock 
in unrestrained rats. Again there are many 
differences between studies, but it is clear 
that restraint does not always produce a 
subsequent escape decrement nor does in- 
escapable shock have to be delivered to re- 
strained subjects for a large effect to occur. 

A second incompatible motor response 
theory has been proposed by Anisman and 
Waller (1973). They argued that exposure 
to shock induces response repertoire changes 
in the organism, and if no coping response is 
available, "freezing" becomes the organism's 
dominant reaction to shock. Freezing would, 
of course, compete with the occurrence of 
active responding in a subsequent escape/ 
avoidance task. As evidence for their hy- 
pothesis, Anisman and Waller cite a variety 
of studies which show that manipulations 
designed to increase freezing have a detri- 
mental effect on avoidance behavior, and 
manipulations designed to reduce freezing 
facilitate avoidance performance. So, for 
example, strong shock, which causes more 
freezing in rats, produced more interference 
with shuttle avoidance than weak shock 
(Anisman & Waller, 1972) and scopalamine, 
a drug that reduces freezing, makes rats 
better avoiders (Anisman, 1973). 

A number of comments are appropriate. 
First, the experiments discussed by Anisman 
and Waller are not directly relevant to the 
learned helplessness effect. They are all 
studies of effects on avoidance, not escape. 
There is no evidence that the manipulations 
described by Anisman and Waller affect 
escape acquisition. In fact, escape latencies 
are not even reported in many of the experi- 
ments (e.g, Anisman, 1973). The learned 
helplessness effect is a failure to escape—to 
flee from shock itselí—a more profound 
debilitation than failure to prevent shock. 
Second, even if it could be shown that in- 
ducing freezing debilitates escape, this does 
not mean that inescapable shock interfere? 
With escape by inducing freezing. In a 
tion, dogs do not seem to freeze. people ч 
receive unsolvable discrimination ee 
or inescapable noise do not freeze, and on 
isms that receive noncontingent food йо oot 
freeze, yet these conditions may all pro 
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helplessness. Finally, why does inescapable 
shock, but not escapable shock, produce 
freezing (if it does) in rats? We have not 
been able to think of an answer that does not 
imply that the rat has learned that shock is 
inescapable, and this is the heart of the 
helplessness view. 

Experimental evidence. We feel that there 
are six lines of evidence that bear on the in- 
compatible motor response theories, and 
each will be described. 


1. It has already been noted that rats ex- 
posed to inescapable shock often do not fail 
to learn an FR-1 shuttle box response. This 
has been investigated by Maier et al. (1973), 
and in agreement with a number of previous 
investigators they found that rats exposed 
to inescapable shock under a wide range of 
parameters subsequently responded аз 
rapidly as did controls in a two-way shuttle 
box escape/avoidance acquisition test. How- 
ever, they noted that the rats in their experi- 
ments seemed to acquire this shuttling escape 
response in a manner different from that 
exhibited by dogs. The rats responded very 
rapidly, but the response was as rapid on 
the very first acquisition trial as it was after 
30 trials—the acquisition curves were flat. 
The mean response latency from shock onset 
on the very first shuttle box trial was 2.67 
sec. The escape responding of dogs in a 
shuttle box is quite different. Averaged 
across experiments, the naive control dogs in 
the Maier, Overmier, and Seligman experi- 
ments took slightly over 30.0 sec of shock 
before escaping on the first trial and did 
not emit short latency escape responses 
until the fourth trial. This suggested to 
Maier et al. (1973) that an interference 
effect in rats might be found if a more 
slowly acquired escape response were used 
as the test task, The escape response they 
used was one in which the rats had to cross 
the shuttle box twice in order to terminate 
shock. However, these FR-2 trials were pre- 
ceded by five ordinary shuttle box trials (FR- 
1), since pilot investigation revealed that 
naive rats sometimes fail to acquire the FR-2 
shuttling response if such prior training was 
not provided, The result was that a large 
interference effect appeared—half of the rats 
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exposed to inescapable shocks did not learn 
the FR-2 escape response even though they 
responded rapidly on the five FR-1 trials, 
while all control rats learned the FR-2 
escape response. It should be noted that we 
have replicated this effect several times, as 
have other laboratories (Seligman & 
Beagley, 1975; Weisman, Note 5). 

The fact that rats exposed to inescapable 
shock will learn FR-1 shuttling but will not 
learn FR-2 shuttling might be explained in 
a variety of ways. The helplessness hy- 
pothesis asserts that prior exposure to in- 
escapable shock interferes with the subse- 
quent formation of associations between 
responding and shock termination and, in 
addition, reduces the organism’s incentive to 
attempt to escape. From the foregoing dis- 
cussion it is clear that crossing the shuttle 
box once is a high probability initial response 
to shock in the rat, perhaps a species-specific 
defense response (Bolles, 1970) and, at 
least on early trials, may be elicited. Con- 
sistent with this view of shuttle box crossing, 
Maier et al. (1973) found that if conditions 
were arranged such that there was no con- 
tingency between crossing the shuttle box 
and shock termination, naive rats would still 
cross the shuttle box in response to shock 
with short latencies for about 10 trials. 

It should be noted that this strong tend- 
ency of the rat to cross the shuttle box 
rapidly in response to shock guarantees that 
the preshocked rats will be exposed to the 
FR-1 contingency a relatively large number 
of times even if such a rat is slow to learn. 
In addition, the contingency between crossing 
the shuttle box and shock termination is 
relatively simple under the FR-1 procedure, 
and so the preshocked rats might learn FR-1 
escape even though associative interference is 
actually present. If associative interference 
were present, some difference in FR-1 ac- 
quisition between inescapably shocked and 
control rats, at least on early trials, might 
be expected. However, such a difference 
could be masked by the elicited nature of 
shuttling on early trials. Consistent with 
this argument, Testa, Juraska, and Maier 
(1974) found that FR-1 shuttling extin- 
guished more rapidly in groups given previ- 
ous exposure to inescapable shock than in 
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controls, even though these groups did not 
differ in the acquisition of FR-1 shuttling. 

The FR-2 shuttling response, on the other 
hand, is not as probable an initial uncondi- 
tioned response to shock as is FR-1 shut- 
tling, and presents a more complicated con- 
tingency between crossing the shuttle box 
and shock termination than does FR-1 shut- 
tling. Thus the associative interference pro- 
duced by learning that shock is inescapable 
might be able to prevent the acquisition of 
can also explain why exposure to inescap- 
the FR-2 shuttle box response. 

Both competing motor response hypotheses 
able shock has little or no effect on FR-1 
shuttling. The competing motor response 
theories could argue that the competing 
response is not strong enough to interfere 
with the highly elicited FR-1 but can com- 
pete with the initially weaker FR-2. In 
addition the FR-2 procedure exposes the 
rat to more shock than does the FR-1 pro- 
cedure, and it could be argued that this in- 
tensifies the competing response. 

Although these hypotheses are not mutu- 
ally exclusive, they point to different aspects 
of the FR-2 procedure as the crucial feature 
in producing an interference effect. The help- 
lessness hypothesis emphasizes the difficulty 
of learning the contingency between crossing 
the shuttle box and shock termination in- 
herent in the FR-2 procedure, while the 
competing response explanations emphasize 
the physical difficulty of the FR-2 response 
and/or the large amount of shock to which 
the FR-2 procedure exposes an organism, 
There are two obvious ways to determine 
which of these aspects of the FR-2 pro- 

cedure is crucial. The first is to simplify 
the contingency between crossing the shut- 
tle box and shock termination while at the 
same time maintaining the physical difficulty 
and shock exposure characteristics of the 
FR-2. The second is to arrange a com- 
plex contingency between shuttling and shock 
termination while at the same time reducing 
the physical difficulty of the response and the 
extent of shock exposure. Maier and Testa 
(1975) have conducted experiments using 
each of these strategies. 


The contingency between Crossing the 


shuttle box and shock termination should be 


relatively difficult to learn with the FR-Z 
procedure, for the obvious reason that shock 
does not terminate after each crossing. In 
the Maier et al. (1973) FR-2 experiment, 
shock was simultaneously presented to the 
grids of both chambers of the shuttle box, 
so that there was no consequence for the first 
response of the FR-2, not even a momentary 
interruption of shock presentation, The 
contingency between the shuttle response and 
shock termination can be improved by ar- 
ranging a brief interruption of shock fol- 
lowing the first response in the FR-2. It 
should be noted that such a procedure will 
not change the effortfulness of the FR-2 
nor will it have an appreciable effect on the 
duration of shock exposure produced by 
the FR-2 procedure, if the interruption in 
shock is very brief. 

Maier and Testa (1975) conducted pre- 
cisely the experiment suggested above. It 
was found that although inescapably shocked 
rats fail to learn ordinary FR-2 shuttling, 
they learn as well as nonshocked controls 
when there is a 1-sec interruption of shock 
after the first crossing of the FR-2. Since 
the only obvious difference between the pro- 
cedures which did and did not yield a learned 
helplessness effect was the nature of the 
contingency between responding and shock 
termination, it seems likely that associative 
factors are strongly involved. 

The previous experiment suggests that 
the inescapably shocked rats learn the FR-1 
task but do not learn the FR-2 task because 
the FR-1 task contains an obvious con- 
tingency between shuttling and shock term- 
ination while the FR-2 task contains a de- 
graded contingency. If this is the case, thet 
it ought to be possible to produce а learne 
helplessness effect with a single crossing 0 
the shuttle box if the contingency between 
the single crossing and shock termination 
were degraded. 

In a second experiment, Maier and Te 
(1975) degraded the contingency agn 
а single crossing of the shuttle box p 
shock termination by interposing a time аЙ 
lay between crossing of the shuttle box 27; 
shock termination. Thus the requ 
escape response was no more effortful not 
the ordinary FR-1 task which does 
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TABLE 2 
DESIGN OF THE MAIER AND RHOADES EXPERIMENT 


Phase 
Group 1 2 3 
ES-IS Escapable wheel turn Inescapable tube Escapable shuttle box 
IS-IS Inescapable wheel turn Inescapable tube Escapable shuttle box 
NS-IS No-shock wheel turn Inescapable tube Escapable shuttle box 
NS-NS No-shock wheel turn No-shock tube 


Escapable shuttle box 


yield an interference effect, but contained 
an obscured contingency between shuttling 
and shock termination, as does the FR-2 
task which does yield an interference effect. 
We found that a delay in shock termination 
as short as 1 sec severely retarded the ac- 
quisition of FR-1 shuttle box escape in rats 
previously exposed to inescapable shocks, 
but had no effect on subjects not previously 
exposed to inescapable shocks. It should 
be noted that a procedure designed to con- 
trol for the extra amount of shock produced 
by the delay revealed that this factor did 
not account for the results. Thus prior 
exposure to inescapable shock will retard 
the acquisition of even low-effort escape re- 
sponses if the contingency between the 
escape responses and shock termination is 
made less obvious. 

Taken together, the results of these two 
experiments indicate that the nature of the 
contingency between the escape response and 
shock termination is more important than are 
the effort and shock exposure characteristics 
of the escape response in determining 
whether an interference effect will occur. 
Inescapably shocked rats fail to learn FR-2 
shuttle box escape because the contingency 
between crossing the shuttle box and shock 
termination is here more complex, not be- 
cause the FR-2 response is effortful or ex- 
poses the subject to long shock durations. 
Tt is therefore difficult to account for the rat 
interference effect with an explanation that 
does not posit an associative deficit following 
inescapable shock. 

The incompatible motor response hy- 
potheses cannot handle these data. It is 
difficult to conceive of a motor response that 
would interfere with FR-2 shuttling when 
there is no shock interruption, but not when 
there is, Similarly, what motor response 


could be incompatible with FR-1 shuttling 
if there is a short delay in shock termination 
but not incompatible when there is no delay? 

2. It will be recalled (p. 20) that Selig- 
man and Maier (1967) found that prior ex- 
posure to controllable shock immunizes the 
organism against the deleterious effects of 
exposure to uncontrollable aversive events. 
This finding might seem inconsistent with the 
incompatible motor response hypotheses since 
prior exposure to escapable shock should not 
prevent the establishment of the incompatible 
shock-mitigating response or freezing dur- 
ing exposure to uncontrollable shock. How- 
ever, in the Seligman and Maier experiment 
the subjects' initial experience with con- 
trollable shock was given with the same task 
that was used as the test task following ex- 
posure to inescapable shock. That is, the 
subjects were first given escape training in a 
shuttle box, then given inescapable shock in 
a harness, and then tested in a shuttle box. 
Thus the immunization effect may not have 
been caused by the organisms' initial con- 
trol over shock but rather by the acquisition 
of the specific response later used as a test. 

The confounding of initial control over 
shock with the acquisition of the test task 
response allows the incompatible motor re- 
sponse theories to account for the Seligman 
and Maier immunization experiment. They 
could argue that the Seligman and Maier 
procedure strengthened shuttling sufficiently 
to overcome the putative competing re- 
sponse. 

Clearly, what is needed is an experiment 
which separates the effects of initial control 
over shock and the prior strengthening of 
the specific response later to be tested, An 
unpublished experiment by Maier and 
Rhoades meets this requirement. (See also 
Seligman et al, 1975). The design of the 
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Mean shuttle box FR-2 escape response 
latency for rats previously given either escapable 
shock (ES), yoked inescapable shock (IS), or no 
shock (NS) in a wheel-turn apparatus, and then 
given either inescapable shock (IS) or no shock 
(NS) ina restraining tube (Maier & Rhoades, un- 
published data, 1975). (Тһе rats given escape 
training in the wheel-turn box and then given in- 
escapable shocks in the restraining tube [ES-IS] 
were not helpless in the shuttle box.) 


experiment can be seen in Table 2. The 
experiment involved three phases and four 
groups of rats. In the first phase one group 
of rats was trained to escape shock by turn- 
ing a small wheel with their paws, a second 
group received yoked inescapable shock in a 
wheel-turn box, and two groups were placed 
in the wheel-turn box but not shocked. In 
the second phase both of the shocked groups 
and one of the control groups received in. 
escapable shock in a restraining tube, and 
the remaining group was only restrained, In 
the third phase all groups were given five 
trials of FR-1 followed by 25 trials of FR-2 
escape/avoidance training in a shuttle box 
our standard helplessness test task, ' 
The results found by Maier and Rhoades 
are seen in Figure 7, Prior experience with 
escapable shock in the wheel-turn Situation 
mitigated the interfering effects of inescap- 
able shock on shuttle box escape acquisition 
Although prior experience with escapable 
shock in the wheel-turn situation did not 
completely eliminate the effects of exposure 


to inescapable shock, the immunizing effect 
was reliable. It is difficult for competing 
response theories to account for an immuniz- 
ing effect that is caused by the experience 
of control per se rather than by the prior 
strengthening of the test response. It is 
difficult to argue that learning to turn a small 
wheel with the paws in a wheel-turn box 
directly strengthens running in a shuttle 
box. This wheel-turn escape training should 
not have an immunizing effect, but it does. 

3. If inescapable shock interferes with 
subsequent escape acquisition because it has 
led to the development of a motor response 
incompatible with the escape response, then 
the explicit reinforcement of such a response 
should duplicate the effects of exposure to 
inescapable shock, As already noted, Brace- 
well and Black (1974) found that the explicit 
punishment of movement led to a small 
decrement in subsequent acquisition in a 
shuttle box. However, this experiment is 
difficult to interpret for the reasons already 
noted (see pp. 21-22). Another study using 
this strategy was reported by Maier (1970). 
One group of dogs was trained to escape 
shock by holding still, a response directly 
incompatible with jumping over a hurdle in 
a shuttle box. The dogs were restrained in 
a hammock and panels were placed 1 in. 
(.64 cm) above and | in. (.64 ст) to each 
side of the dog's head, The dogs could not 
prevent the onset of shock, but they could 
terminate shock by not touching any of the 
panels for a specified period of time once the 
Shock came on, Since Shock elicits head 
Movements in restrained dogs, the dogs 
were required to actively inhibit movements 
elicited by shock. Because the panels were 
positioned 1 in. (.64 cm) from the dog's 
head, the dogs could refrain from touching 
the panels only by remaining almost per- 
fectly motionless, by freezing, А second 
group of dogs received inescapable shock 
yoked to the first group and a third received 
no pretreatment, Following this treatment 
all groups received 12 days of testing in а 
shuttle box, i 

Tf inescapable shock produces a learned 
helplessness effect because it induces нне 
ng or leads to the punishment of oven 
then the group taught to inhibit movement 4 
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Figure 8. Mean latency to respond in a shuttle 
box for dogs previously given training to escape 
shock by holding still (DRO), given yoked in- 
escapable shocks, or given no shocks. (The yoked 
group did not learn, whereas the group taught to 
hold still did learn.) (From “Failure to Escape 
Traumatic Shock: Incompatible Skeletal Motor 
Responses or Learned Helplessness?" by Steven 
T. Maier, Learning and Motivation, 1970, 1, 157- 
170. Copyright 1970 by Academic Press. Re- 
printed by permission.) 


a means of escaping shock should later 
escape at least as poorly as the group given 
inescapable shock. "The learned helplessness 
hypothesis makes a different prediction. Even 
though the dogs have learned an incompat- 
ible motor response, they have also learned 
that they have control over shock; and even 
if they should be slow to learn to escape in 
the shuttle box, they should eventually learn. 
In contrast, dogs given inescapable shocks 
should not learn to escape in the new situa- 
tion; experiences of failure to escape on the 
early trials in the new situation should 
strengthen the assumed cause of interference. 

The results of this experiment can be 
seen in Figure 8. The group (labeled DRO) 
trained to perform a response incompatible 
with shuttling was slow to learn shuttling, 
but all subjects in this group eventually 
learned. In contrast, half of the subjects 
given inescapable shock entirely failed to 
learn across the 12 days of testing. "Thus 
the training of a response demonstrably in- 
compatible with shuttling (negative transfer 
was produced) did not duplicate the effects 
of inescapable shock, and this is inconsistent 
with competing motor response explanations 


of the learned helplessness effect. It could, 
of course, be argued that exposure to in- 
escapable shock establishes a response that is 
stronger or even more incompatible with 
shuttling than the one trained in the present 
experiment; the burden of proof, however, 
would clearly be shifted onto such an argu- 
ment. 

4. It will be recalled that Bracewell and 
Black (1974) argued that movement occurs 
during inescapable shock and is punished, 
presumably because it hurts to struggle. 
Alternatively, Bracewell and Black sug- 
gested that the subject might find some 
other motor response that reduces the pain 
produced by shock. This position predicts 
that if the subject is not allowed to move 
during exposure to inescapable shock, no 
learned helplessness should result. If move- 
ment does not occur it cannot produce an 
increment in pain and so be punished, and i£ 
movement does not occur the subject can- 
not find a motor response that mitigates 
shock. 

Overmier and Seligman (1967) prevented 
movement during exposure to inescapable 
shock by the administration of curare. Cu- 
rarization during exposure to inescapable 
shock did not prevent or even reduce the 
subsequent learned helplessness effect. It 
seems to us that this experiment is a direct 
disconfirmation of the Bracewell and Black 
(1974) hypothesis.’ However, Bracewell 
and Black have argued that this curare ex- 
periment does not necessarily contradict 
their position. Their argument is that move- 
ment-related neural processes might be 
adventitiously reinforced or punished during 
curarization: “А possibility exists, there- 
fore, that the onset and termination of shock 
could act inadvertently to reinforce super- 
stitious movement related neural responses 
in curarized dogs" (Bracewell & Black, 
1974, p. 55). ТЕ should be carefully noted 
that this is different from their original posi- 
tion. The Bracewell and Black hypothesis 


5 ТЕ should be noted that this experiment has no 
implications for the Anisman and Waller (1973) 
competing motor response theory. There is no 
reason to believe that curarization during inescap- 
able shock should reduce any subsequent freezing, 
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argued that an incompatible Tesponse is ac- 
quired because it produces a positive out- 
come of reduced pain or discomfort. Thus 
Bracewell and Black provided a mechanism 
whereby the incompatible response is ac- 
quired, an explicit reinforcement mechanism, 
But in the case of the curarized subject 
Bracewell and Black do not argue that “the 
movement related neural processes” reduce 
pain and are therefore explicitly reinforced 
since there is no obvious way that such 
Processes could reduce pain. Thus Brace- 
well and Black argue that in the case of 
curarized subjects movement-related neural 
processes are adventitiously rather than ех. 
plicitly reinforced, and this seems gratuitous, 
Although there is evidence that movement- 
related neural processes can be explicitly 
punished (Black, Young, & Batenchuk, 
1970), there is no evidence that they can be 
adventitiously or superstitiously reinforced. 
Further, even if such processes could be 
adventitiously reinforced or punished there is 
ПО reason to assume that the overt movement 
produced by such a process would be incom- 
patible with shuttling. Tt could just as easily 
facilitate shuttling. To assume that it will be 
incompatible is, again, gratuitous. 

5. We have already described an experi- 
ment by Rosellini and Seligman (1975) (see 
p. 10) in which rats were given escapable 
shock, inescapable shock, or no shock, and 
were then trained to traverse a runway for 
food. Following training, the rats were 
extinguished and then allowed to escape 
from the presumably frustrating goal box. 
The result was that the rats previously ex- 
posed to inescapable shock were slow to 
escape the goal box but did not differ from 
controls in either acquisition or extinction, 
If a motor response is established during 
exposure to inescapable Shock, it is difficult 
to see why it would interfere with escape 
from the goal box but not interfere with 
Tunway acquisition and extinction, 

6. The incompatible motor response 
theories have difficulty dealing with situa- 
tions that do not employ electric shocks or 
other noxious unconditioned stimuli, The 
particular competing response hypotheses 
offered by Bracewell and Black (1974) and 


by Anisman and Waller (1973) cannot ac- 
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count for appetitive analogues to the learned : 
helplessness effect (see p. 12) in animals or 
learned helplessness effects in human beings 
induced by exposure to loud noises (see p. 
9). Moreover, it is difficult to sce һеч 
any incompatible motor response view coul 
account for the noise-escape failure produced 
by unsolvable discrimination problems in 
human subjects (see p. 11). It should be 
noted that the incompatible motor response 
hypotheses which we have discussed were 
designed to account only for the effects of 
inescapable shock in animals, and it could 
be argued that these other effects are differ- 
ent phenomena and therefore need not all be 
explained by the same theory. Such a move 
seems ad hoc and our preference is for that 
theory which is able to integrate the largest 
amount of data. 


Motor Activation Deficit Hypothesis 


A somewhat different motor response ех- 
planation of the learned helplessness phe- 
nomenon has been offered by Weiss et al., 
(1975). Their explanation of the learned 
helplessness effect is as follows: 


When animals were exposed to severe inescapable 
shock, a deficiency in central noradrenergic activity 
occurred, deriving in part at least, from the de- 
pletion in the level of norepinephrine seen in this 
condition. As a consequence of this noradrenergic 
deficiency the animals could mediate only a limited 
amount of motor activity, an amount insufficient 
for learning and performance of the correct re- 
sponse in the shuttle avoidance task on which they 
were tested. On the other hand, animals exposed 
to the same shocks but able to control them did 
not develop this noradrenergic deficiency and there- 
fore could mediate sufficient motor behavior to 
perform adequately, (р. 7) 


A number of factors led Weiss et al. (1975) 
to develop this explanation of the learned 
helplessness effect. First, Miller and Weiss 
(1969) argued that the dissipation of the 
learned helplessness effect over a 48-hour 
interval following one session of exposure 
to inescapable shock in dogs suggests media- 
tion by a time-dependent physiological epe 
rather than by learning. They argued t er 
things that are learned do not @іѕарре 
across an interval as short as 48 en 
Second, it is known that central catec "i 
amines have a time course of recovery 
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lowing depletion (eg., Rech, Bovys, & 
Moore, 1966) and are involved in the media- 
tion of movement (e.g., Herman, 1970). 
Third, Weiss (1968, 1971a, 1971b, 1971c) 
has shown that rats given inescapable shock 
undergo greater stress than do rats given 
equivalent escapable shocks, as measured by 
gastric lesions, loss of body weight, plasma 
steroid levels, and fearfulness. Finally, this 
led Weiss, Stone, and Harrel (1970) to 
assay whole brain norepinephrine following 
exposure to escapable or yoked inescapable 
shock. They found norepinephrine levels to 
be lower following exposure to inescapable 
shock. This finding has been replicated in 
separate brain regions by Weiss, Pohorecky, 
Dorros, Williams, Emmel, Whittlesey, and 
Case (Note 6) and has been shown to oc- 
cur regardless of the amount of motor activ- 
ity required to escape and avoid shock 
(Weiss, Pohorecky, Emmel, & Miller, cited 
in Weiss et al., 1975). Following these 
demonstrations of effect on endogenous 
norepinephrine levels, Weiss, Pohorecky, 
McMenima, Berkeley, and Jaffe (cited in 
Weiss et al., 1975) estimated norepinephrine 
reuptake and release in vivo by infusion of 
radioactive (3H) norepinephrine. They 
found that reuptake occurred at a higher 
rate in rats previously exposed to inescap- 
able than escapable shocks, This reuptake 
difference could account for the differences 
in the level of endogenous norepinephrine. 

Weiss et al. (1975) present 12 experi- 
ments in support of the notion that the 
learned helplessness effect occurs because 
inescapable shock is a severe stressor, pro- 
duces a temporary depletion of norepi- 
nephrine, and thus depresses the movement 
the organism can emit below what is re- 
quired for shuttle box acquisition. We will 
describe each of these 12 experiments. In 
the first three experiments, Weiss et al. 
attempted to show that a procedure which 
deplete norepinephrine but does not involve 
the factors stressed by the learned helpless- 
ness hypothesis duplicates the learned help- 
lessness phenomenon. It is known that a 
forced swim in 2 °C water rapidly depletes 
brain norepinephrine levels and reduces its 
release (Stone, 1970a, 1970b). Thus the 
motor activation deficit hypothesis would 


expect a forced swim in cold water to pro- 
duce a learned helplessness effect. However, 
a forced swim in warm water (28 °C) does 
not produce a depletion of brain norepi- 
nephrine and so the motor activation deficit 
hypothesis would not expect a warm swim to 
produce a learned helplessness effect. Weiss 
et al. argued that animals forced to swim in 
either warm or cold water should experi- 
ence the same lack of control, and that the 
learned helplessness hypothesis would thus 
expect similar effects resulting from a warm 
or a cold swim. In Experiment 1, rats were 
put in either warm (28 °C) or cold (2 °C) 
water for either 3.5 or 6.5 minutes. Thirty 
minutes later the rats were all given an FR-1 
shuttle box shock escape/avoidance acquisi- 
tion test. The results were that the rats ex- 
posed to cold swim were severely retarded 
in shuttle box acquisition, while the warm- 
swim subjects showed normal acquisition. 

Experiment 1 led Weiss et al. (1975) to 
conclude that cold swim duplicated the fail- 
ure-to-learn aspect of the learned helpless- 
ness phenomenon. Another feature of the 
learned helplessness phenomenon is that 
prior training to escape in the shuttle box 
eliminates the interfering effects of sub- 
sequent exposure to inescapable shock. In 
Experiment 2 Weiss et al. gave rats 25 
trials of FR-1 shuttle box training 24 hours 
before a 3.5 minute cold swim. The rats 
were again tested in the shuttle box 30 
minutes after the cold swim. The pretrain- 
ing in the shuttle box reduced the deficit 
produced by cold swim. Another feature of 
the learned helplessness phenomenon is that 
it has a time course in dogs following a 
single session of inescapable shock. In Ex- 
periment 3 Weiss et al. gave rats a cold 
swim and then tested them in a shuttle box 
30 minutes, 2 hours, or 48 hours later, With 
a 48-hour delay, there was no longer any 
detectable effect of the cold swim. Further, 
rats tested at the 30-minute point were re- 
tested 48 hours later. A deficit was still 
present upon retest, as was the case with 
learned helplessness. These three experi- 
ments led Weiss et al. to conclude that cold 
swim duplicates the effects of inescapable 
shocks, 
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The next six experiments employed a dif- 
ferent strategy. In these experiments, Weiss 
et al. attempted to find situations in which 
the motor deficit and the learned helpless- 
ness hypotheses make different or opposed 
predictions. The motor activation deficit 
hypothesis implies that the magnitude and the 
likelihood of finding a failure to learn to 
escape depends on the amount of motor 
activity required to escape. Weiss et al. 
claimed that the learned helplessness hy- 
pothesis would not expect the amount of 
effort required to escape to be a potent 
variable. Experiment 4 by Weiss et al. 
demonstrated that the detrimental effects of 
cold swim are strengthened by increasing the 
height of the barrier in the shuttle box, and 
Experiment 5 showed that cold swim did not 
produce a deficit in learning to escape shock 
when the escape response only required re- 
strained rats to poke their nose through a 
hole in the front of the tube in which they 
were confined. In Experiment 6 Weiss 
et al. attempted to demonstrate that exposure 
to inescapable shock interferes with acquisi- 
tion of escape behavior in their FR-1 test 
task. They mentioned that they have had 
difficulty in producing such an effect, but 
showed that a 50-min, exposure to 4.0 mA 
2.0-sec shocks occurring every 20 sec pro- 
duces an escape deficit when the rat is tested 
30 min later. Experiment 7 showed that 
such shocks interfered with shuttle box but 
not with nose-poke acquisition, as predicted 
by the motor deficit hypothesis, 

The next three experiments by Weiss et 
al. are based on data (Zigmond 
hich indicate that the ce 
drenergic response to 


& Harvey, 
ntral nora- 
stress habituates with 
stress. 
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subsequent deficit in a test task. The learned 


helplessness hypothesis surely does not make 


such a prediction, In Experiments 8 and 9 
Weiss et al. found that 14 ses 


| sions of ех- 
posure to cold swim or mescapable shock 
eliminated the FR-1 shuttle box escape 


deficit produced by cold swim or inescap- 
able shock. In addition, these experiments 
confirmed the finding that norepinephrine is 
not depleted after repeated stress. 

A variety of drug treatments were ex- 
plored by Weiss et al. in the final three ex- 
periments, Experiment 10 found that tetra- 
benazine, a relatively nonspecific depletor of 
monoamines, produced poor performance in 
a shuttle box 30 minutes after administra- 
tion. Experiment 11 showed that repeated 
administration of tetrabenazine did not aí- 
fect shuttle box performance. Finally, 
Experiment 12 found that pargyline, a drug 
which inhibits monoamine oxidase and there- 
lore prevents intraneuronal degradation of 
monoamines, prevented inescapable shock 
from affecting FR-1 shuttle box perform- 
ance, Р 

Discussion of the motor activation deficit 
hypothesis. We have presented the entire 
logical and evidential bases of the motor 
deficit hypothesis without comment or in- 
terruption because it presents, at least on the 
surface, a convincing case and should be 
seen as such by the reader, However, we 
feel that every step in the argument which 
suggested the motor deficit hypothesis and 
each piece of data which seems to support 
the hypothesis is questionable and open to 
alternative interpretation, and we will dis- 
cuss each, point by point, Following this 
discussion we will present a variety of lines 
of evidence which we feel are inconsistent 
with the motor deficit hypothesis, 

It will be recalled that a physiological de- 
pletion hypothesis was first suggested by 
Miller and Weiss (1969), who argued that 
the time course of the learned helplessness 
effect is not consistent with the notion that 
something learned during exposure to in- 
escapable shock is the cause of the effect. 
They argued that if something is learned it 
should still be present 48 hours later. Al- 
though this point is not crucial to the motor 
deficit hypothesis, it Should be pointed out 
that it is highly debatable. Proactive an 
retroactive interference produce memory 
losses in animals (Maier, Allaway, & Gleit- 
man, 1967: Maier & Gleitman, 1967) = 
well as man, and both proactive and T 
active interference effects generally incre? 
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with time since learning. It is possible that 
prior experiences with learning to control 
events could interfere with the retention of 
the learning that shocks are uncontrollable 
after only one sesison with inescapable 
shocks. In addition, there is ample evidence 
in animals for retention losses over short 
intervals of time (see D’Amato, 1973; Spear, 
1973). = 
More importantly, Weiss et al. (1975) 
ignored aspects of the learned helplessness 
time course data which are not as congenial 
to their hypothesis as is the fact that the 
effect does not occur after 48 hours follow- 
ing a single experience with inescapable 
shocks. Seligman and Groves (1970) have 
shown that the time course of the learned 
helplessness effect is eliminated in dogs if 
the dogs are given four sessions rather than 
one session of inescapable shock. Such dogs 
failed to learn to escape even when tested 
7 days after their last exposure to inescap- 
able shock. Further, if dogs are raised in 
laboratory cages and thus deprived of ex- 
tensive experience controlling events, only 
two sessions of inescapable shock are re- 
quired to produce nontransient learned help- 
lessness effects (Seligman & Groves, 1970). 
It should be noted that these are precisely 
the results that would be expected from a 
memory interpretation of the time course and 
are not explicable by the motor deficit hy- 
pothesis in any obvious way. Могері- 
nephrine levels should certainly be recovered 
by 7 days following exposure to inescapable 
shock. Finally, Seligman and  Beagley 
(1975) failed to find a time course of learned 
helplessness with rats as subjects after only 
one session of inescapable shock. Rats 
given inescapable shock failed to learn to 
escape when tested 7 days after exposure to 
a single session of inescapable shock. This 
finding is particularly damaging to the motor 
deficit hypothesis because this hypothesis 
rests on a base of data obtained with rats, 
not dogs, as subjects. It would be interest- 
ing if rats raised in a natural environment, 
rather than in laboratory cages, showed a 
transient helplessness effect. In summary, 
the transient effect required by the motor 
deficit hypothesis occurs only under one 
condition—a single session of inescapable 
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shock with mongrel dogs not raised in the 
laboratory. The time course data taken as 
a whole does not invalidate a learning inter- 
pretation and may be more consistent with 
the learned helplessness hypothesis than with 
the motor activation deficit hypothesis. 

Of greater importance in establishing the 
plausibility of the motor activation deficit 
hypothesis are the several demonstrations by 
Weiss and his colleagues that exposure to 
inescapable shock is highly stressful and re- 
duces endogenous norepinephrine levels 
while exposure to escapable shock is less 
stressful and does not lead to such a reduc- 
tion. It is this that allows the motor deficit 
hypothesis to explain why the learned help- 
lessness effect occurs and is determined by 
the controllability of the initial shock. Sev- 
eral comments are in order. Weiss et al. 
(1975) argue that the learned helplessness 
effects which we have found are caused by 
norepinephrine depletion produced by the 
inescapable shock which we deliver, There- 
fore, it is required that Weiss and his col- 
leagues demonstrate that our inescapable 
shock conditions produce intense stress and 
norepinephrine depletion. It is thus crucial 
to inquire whether the experiments by Weiss 
and his colleagues employed conditions 
roughly similar to ours. Table 3 summarizes 
some of the relevant aspects of our rat help- 
lessness experiments and the Weiss studies. 
As can be seen, the behavioral helplessness 
studies use 1.0-mA shocks with session 
lengths lasting from 1 to 14 hours. The 
rat’s behavior is tested 24 hours or longer 
after the inescapable shock session. The 
conditions used by Weiss and his colleagues 
bear no resemblance at all to these condi- 
tions. All but one of the norepinephrine 
studies exposed the subjects to a minimum of 
20 hours of inescapable shock, and shock in- 
tensity was a minimum of 3.0 mA. Further, 
norepinephrine was typically assayed im- 
mediately following the end of the inescap- 
able shock session. Tt is worth noting that 
the one norepinephrine study which deviated 
from these parameters, even though still 
very different from our parameters (Weiss 
et al, 1970, Experiment 1), did not find 
depletion of norepinephrine 


epletic in the group 
given inescapable shocks, 


This experiment 
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TABLE 3 
SUMMARY OF THE PARAMETERS USED IN THE RAT LEARNED HELPLESSNESS EXPERIMENTS 
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Experiment 


Time between inescapable 
shock and test 


Maximum 
shock level 


Session 
length 


Behavioral helplessness 


Maier, Albin, & Testa 1.0 mA 14 hr. 24 hr. 
Goeckner, Greenough, & Maier 1.0 mA 1 hr. 24 hr. 
Testa, Juraska, & Maier 1.0 mA 14 hr. 24 hr. 
Maier & Testa 1.0 mÀ 1i hr. 24 hr. 
Seligman & Beagley 1.0 mA 14 hr. 24 hr. 
Seligman, Rosellini, & Kozak 1.0 mA 1} hr 5 min.; 1 hr.; 24 hr.; 168 hr. 
Seligman, Hannum, & Rosellini 1.0 mA 1} hr. 65 days 
Ulcers, steroids 
Weiss (1968), Experiment 2 1.6 mA 21 hr. 12 hr. 
Weiss (1971a) 4.0 mA 48 hr. none 
Weiss (1971b) 4.0 mA 48 hr. none 
Weiss (1971c) 4.0 mA 48 hr none 
Norepinephrine 
Weiss, Stone & Harrell, Experiment 1 3.0 mA 3 hr. 20 min.; 40 min. 
Weiss, Pohorecky, Dorros, Williams, Emmel, 

Whittlesey, & Case 34mA 20 hr. none 
Weiss, Pohorecky, Emmel, & Miller not known 24 hr. none 
Weiss, Pohorecky, Emmel, McMenima, Р 

Berkeley, & Jaffe not known 20 hr 2 min, 


found a reliable overall difference in norepi- 
nephrine levels between inescapable, escap- 
able, and no-shock groups. However, the 
inescapable group did not differ reliably from 
the no-shock group, and the overall differ- 
ence was due to an elevation of norepi- 
nephrine in the escapable shock group. 

It should be clear that, in order to ex- 
plain the learned helplessness effect, the 
motor activation deficit hypothesis requires 
that a 1-hour session employing 1,0-mA 
Shocks (occurring about one per minute) 
produce a depletion in norepinephrine which 
15 still present 24 hours following the termi- 
nation of the inescapable shock Session, 
There is not a shred of evidence for such an 
effect. It is a curious argument that holds 
a behavioral deficit which occurs 24 hours 
after a 1-hour session with 1.0-mA shocks 15 
attributable to norepinephrine depletion be- 
cause norepinephrine levels are low when 
measured immediately after massive 20-hour 
Sessions with 3.4- or 4.0-mA shocks, 


At this point it should be noted that Weiss 
et al. (1975) have restricted their explana- 


tion to only the dog helplessness experi- 
ments, and not the rat helplessness experi- 
ments. However, all of the data obtained 
by Weiss and his colleagues came from rats, 
and so we feel that a comparison of their 
parameters with those used in our rat studies 
has been proper. How can One argue that 
data obtained from rats apply to data ob- 
tained from dogs but not to parallel data ob- 
tained from rats? Further, the parameters 
used in our dog studies also differ massively 
from those used by Weiss et al—we have 
typically used 64 shocks spread over about 
14 hours and have tested the dogs 24 hours 
later, 

Moreover, Weiss et al. (1975) have re- 
ported that endogenous levels of norepi- 
nephrine are depleted in rats given inescap- 
able shock only if the rats were group house 
prior to the experiment, That is, in all ° 
the neurochemical studies referred to above 
the rats were group housed before treatmer 
If the rats were individually housed ace 
treatment inescapable shock did not дере 
endogenous norepinephrine levels. This ™ 
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be because individual housing in rats induces 
increased activity of tyrosine hydroxylase 
(Segal, Knapp, Kuczenski, & Mandell, 
1973), a rate-limiting enzyme in the syn- 
thesis of norepinephrine, It should be noted 
that the rats in all of our experiments have 
been individually housed prior to treatment. 
In fact, Goeckner, Greenough, and Maier 
(1974) manipulated housing conditions from 
weaning to adulthood and found that in- 
escapable shock produced a learned helpless- 
ness effect whether the rats were group 
housed or individually housed. 

We conclude that the neurochemical data 
said to provide plausibility to the motor 
activation deficit explanation of learned help- 
lessness, in fact, provide little if any support. 

We now turn to a consideration of the 12 
experiments reported by Weiss et al. (1975) 
as supporting the motor deficit interpreta- 
tion of the learned helplessness effect. Re- 
call that the first three experiments were 
designed to show two things: (a) that a 
treatment which depletes norepinephrine 
(cold swim) but cannot be said to lead to 
the learning that aversive events and re- 
sponding are independent produces all of the 
characteristics of the learned helplessness 
phenomenon; (b) that a procedure which 
involves the same degree of uncontrol- 
lability as the first but does not deplete 
norepinephrine (warm swim) does not pro- 
duce a learned helplessness effect. We do 
not feel that the experiments actually demon- 
strate that which is claimed, 

Recall that Weiss et al. compared the ef- 
fects of a cold swim and a warm swim on 
FR-1 shuttle box acquisition and argued 
that the learned helplessness hypothesis 
would expect equivalent effects from these 
two treatments since they involve equal un- 
controllability. This is not correct. The 
learned helplessness hypothesis does not 
argue that failure to learn to escape shock 
results from exposure to sheer uncontrol- 
lability, but by exposure to uncontrollable 
aversive events. For example, the learned 
helplessness hypothesis would not expect 
failure to escape shock to result from ex- 
Posure to a light presented independently of 
behavior, Cold swim and warm swim are 


certainly not equally aversive, and warm 
swim may not be aversive at all. Further, 
although we do not wish to argue in this 
direction, it is not clear to us why cold swim 
cannot be described as a condition in which 
escape from the highly aversive freezing wa- 
ter is independent of behavior. Cold swim 
produces muscular debilitation while warm 
swim does not, Thus the trauma in a cold 
swim may indeed be more uncontrollable 
than in a warm swim. 

More important than whether the learned 
helplessness hypothesis predicts equivalent 
effects of cold and warm swim, we do not 
believe that Weiss et al. (1975) have demon- 
strated that cold swim produces a behavioral 
deficit that is the same as the learned help- 
lessness effect. Learned helplessness is de- 
fined as an effect resulting from the uncon- 
trollability of aversive events. As noted 
previously, FR-1 shuttle box acquisition may 
not be sensitive to such effects in rats, and a 
variety of experimenters have failed to find 
any effect of inescapable shock on subse- 
quent FR-1 shuttle box acquisition. There 
are a few experiments which find an effect 
of inescapable shock on subsequent FR-1 
shuttle box acquisition (eg., Weiss et al., 
1975, Experiment 6) but these experiments 
omit comparison of the effects of equivalent 
escapable and inescapable shock so it can- 
not be concluded that a learned helplessness 
effect with FR-1 shuttling has been demon- 
strated. Since Weiss et al. employed FR-1 
shuttling as their dependent variable, they 
may have been using a test that is not sensi- 
tive to learned helplessness effects. 

Further, Weiss et al. (1975) used a 30- 
minute interval between cold swim and the 
behavioral task, whereas our learned help- 
lessness experiments use a 24-hour interval 
between inescapable shock exposure and test, 
Thus Weiss et al. must demonstrate that 
cold swim produces a deficit 24 hours later, 
not 30 minutes later. Experiment 3 of 
Weiss et al. examined the time course of the 
cold-swim effect, but it does not help us 
here because Weiss et al. did not have a 24- 
hour time point. Their experiment only 
involved testing at 30 minutes, 2 hours, or 
48 hours, An examination of the Weiss et al. 
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Fic. 9. Mean shuttle box FR-1 escape response 
latency for rats given either cold swim or inescap- 
able shocks 3 minutes or 24 hours before the shut- 
tle box test (Jackson & Maier, unpublished data 
1975). (Only the rats given cold swim 30 minutes 
before the test failed to respond.) 


data reveals that the cold-swim effect was 
almost absent at 2 hours. However, the 
24-hour point is still needed, and Maier has 
now supplied the missing point. Jackson 
and Maier (unpublished data) gave rats 3.5 
minutes of cold swim in 2 °C water and 
tested them in a FR-1 shuttle box task 30 
minutes or 24 hours later, The results can 
be seen in Figure 9, Jackson and Maier 
found the same debilitation as found by 
Weiss et al, 30 minutes after cold swim, but 
there was no deficit at all if 24 hours had 
intervened. It should also be noted that the 
learned helplessness effect in rats, the effects 
of exposure to uncontrollable shock on sub- 
Sequent escape acquisition in a task sensitive 


to controllability, may not show any dissipa- 
tion with time, 


Another aspect of Experimen 
of comment. Weiss et al. 
dogs that were tested 24 
posure to inescapable shock 
to learn to escape, would fail to learn again 
if retested later, That is, the failure be- 
came permanent. Weiss et al. retested the 
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hours after ex. 
and that failed 
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rats that failed to learn to escape 30 minutes 
following cold swim after an additional 48 
hours. A deficit was still present and Weiss 
et al. concluded that this duplicates the cor- 
responding characteristic of the learned e 
lessness phenomenon in dogs. We do no 
think so. In the dog experiments, there was 
no improvement at all during retest; v 
dogs showed no tendency to learn. he: 
was not true of the rats in the Weiss et al. 
study. There were 25 trials on the retest, 
and by the last block of 5 trials the response 
latency of the cold swim rats was down to 
about 7 sec, as compared with about 4 398 
in a control group. In fact, in a later ex- 
periment (Experiment 7) the retest i 
disappeared completely, although Weiss € 
al. did not comment on this aspect of the 
data. А 

The final experiment (Experiment 2 in 
Weiss et al., 1975) said to reveal the identity 
of the cold swim and learned helplessness 
effects is the immunization effect, It is 
worth noting that although Weiss et al. 
found prior training in the shuttle box to 
reduce the effects of cold swim on shuttle 
box performance, the reduction was not 
complete; some debilitation still occurred. 
The immunizing effect on learned helpless- 
ness is complete in both dogs (Seligman & 
Maier, 1967) and rats (Seligman et al., 
1975) when the immunization treatment is 
given in the shuttle box. 

We conclude that the experiments pro- 
vided by Weiss et al. (1975) do not demon- 
Strate that the behavioral deficit produced 
by cold swim is the same as the deficit pro^ 
duced by the uncontrollable shocks used nm 
the learned helplessness experiments. Even 
more convincing to us than the discrepancy 
between the Weiss et al. and the learned help- 
lessness experiments are our rapis rd 
subjects 30 minutes after cold swim. ps 
point at which Weiss et al. tested such st a 
jects. A severe motor debilitation does и. i 
pear to be present. The rats have great lest 
ficulty moving and simply remain owen 
when placed on a table. Further, sadi ves 
have some diffculty righting thems wa 
When placed on their sides. When = Ў 
removed from the 2 °C water they аге 
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pletely limp. Stone (1970b) has extensively 
studied the effects of cold swim. Observing 
the rats after a 20-minute swim in 14.5 °C 
water, Stone notes: 


Shortly after the stress, the swim stressed rats 
appear exhausted; they lie in a prostrate position, 
are unable to move their rear limbs, and have dif- 
ficulty righting themselves when laid on one side. 
During the later stages of recovery, the animals 
remain immobile in a crouched position and show 
ptosis with continued and violent shivering. (р, 53) 


We have observed similar behavior after 
3.5 minutes in 2 °C water. 

The inescapable shocks used in our learned 
helplessness experiments do not produce any- 
thing like these obvious signs of motor debil- 
itation. As noted previously, the shocks 
which we use have no effect on runway ac- 
quisition 24 hours later, nor do they affect 
FR-1 shuttle box performance. We doubt 
that Weiss’s subjects could even locomote to 
the end of a runway 30 minutes after cold 
swim, Thus we conclude that Weiss et al. 
(1975) are indeed correct in arguing that 
cold swim produces a motor deficit, perhaps 
via norepinephrine depletion. However, 
there is no reason to believe that the levels 
of inescapable shock used in the learned 
helplessness dog or rat experiments produce 
a motor deficit 24 hours later. 

The factors just discussed are also im- 
portant in interpreting the subsequent ex- 
periments by Weiss et al. in which the motor 
activation deficit hypothesis and the learned 
helplessness hypothesis were said to make 
opposed predictions. Experiments 4 and 5 
demonstrated that the amount of motor 
activity required to perform the task re- 
sponse given 30 minutes after cold swim 
determined whether a deficit occurred, and 
thus supported the notion that cold swim re- 
sults in a temporary motor deficit. These 
experiments do support this notion, but 
there is nothing in the learned helplessness 
position which denies that a cold swim pro- 
duces a motor deficit. The learned helpless- 
ness position does not predict this, but there 
is no reason why it should. 

Experiments 6 and 7 of Weiss et al. 
(1975) use electric shocks during pretreat- 
ment, but 150 4.0-mA shocks were de- 


livered whereas the learned helplessness ex- 
periments with rats used 64 to 80 1.0-mA 
shocks. The level of shock used by Weiss 
et al. is almost of tetanizing intensity and 
may indeed lead to a trauma-induced motor 
deficit 30 minutes later. Our dog experi- 
ments used 64 6-mA shocks, and testing oc- 
curred 24 hours later. It is difficult to com- 
pare shock intensities across species as dif- 
ferent as dogs and rats, but our observa- 
tions indicate 4 mA in rats to be much more 
severe than 6 mA in dogs. Jackson and 
Maier (unpublished data) investigated 
whether exposure to shocks characteristic of 
learned helplessness experiments would pro- 
duce the sort of deficit reported by Weiss 
et al. Rats were exposed to 64 1.0-mA 
shocks and tested in an FR-1 shuttle box 
task either 30 minutes or 24 hours later. As 
can be seen in Figure 10, these shocks did 
not produce a deficit even 30 minutes later. 
Thus Experiments 6 and 7 employed condi- 
tions very different from those employed in 
the learned helplessness experiments with 
rats and may indeed be correctly interpreted 
in terms of a motor deficit. The fact that 
150 4.0-mA shocks produce a motor deficit 
30 minutes later does not imply that 64 1.0- 
mA. shocks produce a motor deficit 24 hours 
later. 

The conceptual base for Experiments 8 
and 9 may indeed be adequate for a test be- 
tween the motor activation deficit and 
learned helplessness explanations of the 
learned helplessness phenomenon. Weiss et 
al. noted that the reduction in norepinephrine 
levels produced by exposure to stressors 
habituates with repeated exposure to the 
stressor. Thus if inescapable shock pro- 
duces a learned helplessness effect because 
it produces a motor deficit through norepi- 
nephrine depletion, repeated exposure to in- 
escapable shock should not produce a learned 
helplessness effect. The learned helpless- 
ness hypothesis certainly does not make this 
prediction. It will be recalled that Weiss 
et al. found that rats repeatedly exposed to 
cold swim or to 4.0-mA shocks did indeed 
perform well when tested on FR-1 shuttling. 


On the surface this result seems quite deci- 
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Ficure 10. Mean FR-3 lever press latencies 
for rats given 15 days of inescapable shocks or no 
shock (Seligman & Rosellini, unpublished data). 
(The inescapable shock group did not learn.) 


sive. However, it should be recognized that 
the Weiss et al. logic demands that repeated 
exposure to the same shock conditions as 
employed in learned helplessness experiments 
Prevents a deficit on a task known to be 
Sensitive to the degree of control which 
organisms have over initial shock experience, 
Thus we have each independently repeated 
the Weiss et al. (1975) experiment with the 
shock parameters normally used in our 
laboratories and with test tasks known to be 
sensitive to learned helplessness of control- 
lability effects. Rosellini and Seligman (un- 
published data) gave one group 15 daily 
sessions of 1.0-mA inescapable shocks, A 
second group received no treatment. All 
three groups were then tested in an FR-3 
level pressing task. Maier employed 10 days 
of exposure to either escapable, inescapable, 
or no shocks in a wheel-turn apparatus and 
then tested his subjects in an FR-2 shuttling 
task. The shock level was 1.0 mA. The 
results of these experiments can be seen in 
Figures 10 and 11. It is clear that repeated 
exposure to 1.0-mA shocks does not reduce 
the deficit seen in tasks known to be sensi- 
tive to learned helplessness effects, 


Many of the comments made thus far а 
also appropriate to Experiments 10 through 
12. Recall that in these experiments Weiss 
et al. (1975) found that pharmacological 
depletion of monoamines produced poor FR- 
1 shuttle box performance 30 minutes later, 
and that pharmacological blockade of соки 
amine degradation prevented the effects К 
inescapable shock 30 minutes later in a FR- 
shuttle box task. This is consistent with the 
notion that Weiss et al. are studying a motor 
debilitation mediated by monoamines, but as 
already noted, this may be a very different 
phenomenon from learned helplessness. 

We conclude that the experiments pre- 
sented by Weiss et al. do not strongly sup- 
port the motor activation deficit hypothesis 
as an explanation of the learned helplessness 
effect. It should be stressed that we are 
not arguing that the learned helplessness 
hypothesis can account for the data presented 
by Weiss et al. We think it likely that 
Weiss et al. were quite correct in their 
interpretation of their own data. Weiss 
et al. have demonstrated a number of very 
interesting effects, but they may not be 
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closely related to learned helplessness effects. 
The basic similarity is that in both cases 
animals failed to escape shock, but there 
may be many roots to producing such a 
deficit, and they may not reduce to one ex- 
planation. The deficit produced by expos- 
ure to extremely traumatic events as used 
by Weiss et al. may be produced by a very 
different mechanism from the deficits pro- 
duced by exposure to much less traumatic 
uncontrollable aversive events in the learned 
helplessness experiments. 

Other evidence. There are a number of 
findings not considered by Weiss et al. 
which are difficult for the motor activation 
deficit hypothesis to explain. Many of these 
have already been described and only a brief 
discussion is necessary. 


1. We have already described experi- 
ments by Maier and Testa (1975) which 
indicate that although inescapably shocked 
rats are poor at learning FR-2 shuttling, 
they will learn as well as controls when there 
is a brief break in shock after the first re- 
sponse of the FR-2. In an analogous fash- 
ion, inescapably shocked rats readily learned 
FR-1 shuttling when shock terminated im- 
mediately after the response, but failed to 
learn when shock termination was briefly 
delayed. The motor activation deficit hy- 
pothesis cannot explain why the behavior of 
inescapably shocked subjects is so strongly 
controlled by the nature of the contingency 
between responding and shock termination 
in the test task. The same amount of motor 
activity is required to perform an FR-2 re- 
sponse whether or not there is a brief break 
in shock, but the outcomes are very differ- 
ent. Similarly, the amount of motor activity 
required to make a single crossing of a shut- 
tle box is the same whether or not shock 
termination is slightly delayed, but the out- 
come is dependent on this factor. Again, 
mention should be made that Weiss et al. 
restricted their explanation to learned help- 
lessness in the dog, but this is ad hoc and it 
does not seem justifiable to restrict consider- 
ation to only a small part of the data. 

2. Recall that Seligman and Maier (1967) 
found that prior experience with controllable 
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shock in a shuttle box eliminated the inter- 
fering effects of subsequent inescapable 
shocks on shuttle box performance. The 
motor activation deficit hypothesis is able to 
account for this immunizing effect by argu- 
ing that pretraining in the shuttle box reduces 
the amount of motor behavior required dur- 
ing testing because the subject does not 
have to search for the correct response—it 
has already been trained. We have pre- 
sented new data (p. 26) indicating that prior 
experience with controllable shock has an 
immunizing effect even when such prior ex- 
perience is given with a different response 
from that later used in testing. The motor 
activation deficit hypothesis cannot explain 
this effect. Prior training to turn a wheel 
with the paws should not reduce the amount 
of motor activity required to find the correct 
response in a shuttle box. 

3. Seligman, Maier, and Geer (1968) and 
Seligman and Beagley (1975) found that 
escape deficits in dogs and rats already fail- 
ing to escape could be eliminated by forcible 
exposure to the escape contingency. It is 
hard to see how the motor deficit hypothesis 
can account for this therapy effect. Does 
forcible exposure to the escape contingency 
produce a rapid recovery of norepinephrine 
levels? It is interesting to note the Abram- 
son and Seligman (unpublished data) have 
found that forcible exposure to the escape 
contingency eliminates the behavioral deficit 
even in rats whose norepinephrine levels 
have been depleted by injection of a-Methyl- 
para-tyrosine. 

4. We have several times referred to the 
fact that the learned helplessness effect does 
not have a time course in dogs when the 
dogs are given a number of sessions of in- 
escapable shock (Seligman & Groves, 1970) 
and may not have a time course in rats at 
all (Seligman & Beagley, 1975). This is 
directly opposed to the expectations of the 
motor deficit hypothesis. 

5. Hannum et al. (in press) found that 
rats given four sessions of inescapable shock 
shortly after weaning failed to learn to escape 
as adults. Such a failure did not result if 


the shocks were escapable. Do four sessions 
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of inescapable shock shortly after weaning 
produce a permanent depletion of norepi- 
nephrine? 

6. Although Weiss et al. (1975) have 
explicitly limited the score of their hy- 
pothesis to learned helplessness experiments 
employing electric shocks to animals (even, 
on an ad hoc basis, to dogs), mention should 
be made that there are a large number of 
experiments outside this domain which can 
be integrated by the learned helplessness 
hypothesis but not by the motor activation 
deficit hypothesis. Examples are the effects 
of exposure to inescapable noise and un- 
solvable problems on problem-solving be- 
havior in humans (see p. 13), and the pos- 
sible analogues to shock-induced learned 
helplessness produced by delivery of appeti- 
tive events independently of behavior (see p. 
12) in animals, 


CONCLUSIONS 


We feel that the burden of the evidence is 
that the motor theories here discussed cannot 
account for the learned helplessness phe- 
nomenon. It seems to us that the central 
shortcoming of these theories is that they 
are performance theories. That is, they 
claim that inescapably shocked subjects are 
later less likely to emit the test task response, 
not that they are less likely to learn from an 
exposure to the contingency between re- 
sponding and relief if they do respond. The 
learned helplessness hypothesis also argues 
for a performance deficit (the reduced incen- 
tive motivation proposition), but in addition 
argues that learning will be undermined (the 
associative interference proposition). We 
feel that the Maier and Testa (1975) ex- 
periments (see p. 24) offer conclusive evi- 
dence that exposure to inescapable shock 
has an effect on associative processes as well 
as on motivational processes, 

This should not be taken to mean that we 
feel that the processes discussed by Brace- 
well and Black (1974), Anisman and Wal- 
ler (1973), and Weiss et al. (1975) do not 
exist and do not influence behavior, Organ- 
isms can, of course, learn motor responses in 
one situation that are able to interfere with 
the acquisition of motor responses in a dif- 
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ferent situation. Further, the data pre- 
sented by Weiss et al. do convincingly point 
to the conclusion that severe trauma induces 
a transient motor deficit perhaps mediated 
by norepinephrine depletion. What we dis- 
pute is that these processes are sufficient to 
account for all or even many of the learned 
helplessness effects. We also dispute that 
these hypotheses handle the data better than 
the learned helplessness hypothesis, and we 
feel that a stronger case has been presented 
for the learned helplessness hypothesis. 

It should be noted, however, that the 
learned helplessness hypothesis is not with- 
out its problems. We will list those that 
loom largest. 

1. The time course of learned helplessness 
effects has yet to be satisfactorily explained. 
Recall that one session of inescapable shock 
produces only a transient effect in dogs, while 
four sessions of inescapable shock seem to 
produce a more permanent effect. More- 
over, there are data to indicate that the 
learned helplessness effect may be perma- 


nent in rats even after one session of inescap- 
able shock. 


'This pattern of results is difficult to ex- 
plain. The learned helplessness theory 
could argue (see pp. 30-31) that previous 
experience controlling events proactively in- 
terferes with the memory that shock is ines- 
capable. Proactive interference is known to 
increase with time from learning and to 
decrease with additional training, and so the 
dog effects can be explained, But, why do 
rats show a permanent effect after one Ses" 
sion? A possibility concerns the rearing 
conditions of our subjects, Our dogs меге 
not laboratory- or cage-reared, while the rats 
we used were raised in cages. Perhaps des 
reduced the likelihood that the rats pd 
countered many immunizing experience 
with controllable events. Consistent ы, 
the argument, Seligman and Groves (1 7 
found that only two sessions of іпеѕсара й 
shock were required to produce а permane 
learned helplessness effect in cage-rea 
beagles while four sessions were require’ 
Produce a permanent effect in d з 
raised outside Ње laboratory. How ects 
such an explanation of the time course © 
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Fic. 12. Mean FR-3 lever press latencies for 


»rats previously given cither inescapable (1) or no 

(C) shocks and then given noise feedback (F) or 
no feedback (МЕ) during lever press escape 
training (Jackson, Tomie, & Maier, Note 7). 
(Tone feedback eliminated failure to escape.) 


is entirely post hoc and is not supported by 
an independent body of evidence. Additional 
experimental support will be required be- 
fore any confidence can be placed in this 
interpretation. 

2. Exposure to inescapable shock pro- 
duces a deficit on some escape tasks but not 
on others. Maier et al. (1973) found that 
exposure to inescapable shock interfered 
with FR-2 shuttling but not with FR-1 shut- 
tling in rats. Maier et al. were able to ac- 
count for this difference in terms of the 


у elicited nature of FR-1 shuttling in rats. In 


an analogous fashion, Seligman and Beagley 
(1975) found that inescapable shock has no 
effect on FR-1 lever pressing in rats. How- 
ever, Seligman and Beagley did not find a 
differential effect of escapable and inescap- 
able shock on FR-2 lever pressing. A clear 
learned helplessness effect only emerged with 
VR-3 lever pressing. It is not obvious why 
this should be so (Seligman & Beagley, 
1975). Further, Weiss et al. (1975) found 
no effect of inescapable shock on а nose-poke 
escape response, The Maier et al. explana- 
tion does not apply to the Weiss et al. data 
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because a clear acquisition function for nose- 
poke responding was found. 

It might seem that the amount of physical 
activity involved in these various tasks is a 
determining factor. However, recall that 
Maier and Testa (1975) found that inescap- 
ably shocked rats learn FR-2 shuttling if a 
brief break in shock occurs after the first 
response, and they fail to learn FR-1 shut- 
tling if shock termination is delayed. Here 
physical activity cannot be a factor. The 
Maier and Testa experiments suggest that 
the amount of feedback produced by the 
response could be a crucial factor. A re- 
cent experiment by Jackson, Tomie, and 
Maier (Note 7) supports this notion, Jack- 
son et al. began by replicating the Seligman 
FR-3 effect. As shown in Figure 12, rats 
given inescapable shock were very poor at 
FR-3 lever press escape responding. Another 
group of inescapably shocked rats was also 
tested in the FR-3 lever pressing situation. 
However, a 100-msec burst of white noise 
was sounded following each lever press, thus 
providing feedback. As can be seen in 
Figure 12, these rats learned rapidly. It 
should be noted that a warning signal was 
used in the Weiss et al. (1975) nose-poke 
experiment. This signal terminated with the 
response, thus possibly providing feedback. 
Most interesting is the fact that the only 
study in the literature (Bracewell & Black, 
1974) to find an effect of inescapable shock 
on FR-1 shuttling in the rat did not use a 
warning signal, Again, much more work 
will be needed before any confidence can be 
placed in such an explanation. 

Mention should be made that the helpless- 
ness effect has seemed more fragile in rats 
than in dogs or humans. Both of us have 
encountered occasional difficulty in produc- 
ing a reliable phenomenon. The feedback 
effect discussed previously may help to ex- 
plain this fragility—we may be using test 
tasks with a relatively large amount of in- 
trinsic feedback. 

3. The learned helplessness hypothesis is 
Vague in its specification of boundary condi- 
tions, Further, there is little empirical evi- 
dence regarding such boundary conditions, 
Should exposure to loud noise presented in- 
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dependently of behavior interfere with the 
acquisition of responses that escape electric 
shock? Should exposure to uncontrollable 
shock interfere with the acquisition of re- 
sponses that procure food? Should exposure 
to noncontingent food interfere with the ac- 
quisition of responses that terminate shock? 
Should exposure to uncontrollable shock 
interfere with Pavlovian conditioning? Many 
further questions of this sort could easily be 
posed. The learned helplessness hypothesis 
does not make any predictions regarding the 
results of such experiments. Further, there 
are very few experiments directed at answer- 
ing these questions. The learned helpless- 
ness hypothesis will have to become more 
specific, and experiments designed to de- 
lineate these boundary conditions will have 
to be conducted. 

4. A final problem concerns the relation- 
ship between the subject’s perception of in- 
dependence between responding and out- 
come and the conditions which lead to such 
а perception (see p. 17). In our experi- 
ments we have arranged conditions in which 
the relationship between responding and out- 
come is objectively independent. However, 
subjects do not always respond to random 
relationships as if they were random ® (e.g., 
Bruner & Revusky, 1961; Hake & Hyman, 
1953; Naylor & Clark, 1968), and it is well 
known that subjective probabilities do not 
reflect objective probabilities with accuracy 
(cf. Kahneman & Tversky, 1972). Thus we 
will have to specify the conditions under 
which the perception of independence devel- 
ops—only these conditions should lead to 
learned helplessness, 


Before closing a few comments are in 
order. 

Tt must seem to the reader that a great 
deal of theoretical confusion surrounds the 
learned helplessness phenomenon, 


ber of investigators have proposed alterna- 
tive accounts of the same behavioral phe- 
nomenon and have presented experimental 
evidence which they fee] supports their posi- 
tion and refutes the learned helplessness hy- 
pothesis, We, on the other hand, have 
questioned the implications of these experi. 


A num- 
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ments for the learned helplessness hypothe- 
sis. Why all this confusion? We feel that 
a large part of this confusion stems from an 
error of inference noted previously. Td 
logical structure of many of the experiment 
which have been presented as inconsisten 
with the learned helplessness hypothesis havi 
the following form: (a) A procedure е, 
found which produces an escape deficit, ( É 
this procedure is hard to interpret in ae 1 
of the learning of independence between T 
sponding and shock termination, and (c) 
therefore the learned helplessness hypothesi 
is contradicted. This seems to us to be ро 
logic. The learned helplessness hypothesi 
does not argue that all escape deficits a 
produced by learning that responding a 
shock termination are independent. The - 
are undoubtedly many ways to produce рота 
escape performance and there is no reason il 
expect that all of these operate through 
single mechanism. 3 

Just as there may be many different Me 
to produce escape-learning deficits, expost Л 
to inescapable shock may itself produce 
variety of changes in the organism, not jus 
one. Under some conditions, organism? 
might learn a motor response, stress mig” 
be induced, and the organism might leart 
that its behavior is independent of shock 
termination. A complete explanation of the 
influence of exposure to inescapable aversi 
events on later behavior might involve ^ 
consideration of each of these factors. тир 
we do not view the various theoretical pos] 
tions that have been here discussed as hy 
patible: They might be complement? es 4 
The existence of one of these processes er 
not imply the nonexistence of the pad 
We feel that we have presented diet s 
evidence for the reality of the Ru пе 
specified by the learned helplessness һу ly 
sis; however, this evidence does not ! 
that other processes do not also a nec 

Tt might seem that this makes the A put 
helplessness hypothesis difficult to = пай“ 
this is not so. А variety of predictio?" 
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by the learned helplessness hypothesis have 
been tested and confirmed (e.g., Hiroto & 
Seligman, 1975; Maier, 1970; Maier et al., 
1973; Maier & Testa, 1975; Overmier & 
Seligman, 1967; Seligman & Beagley, 1975; 
Seligman & Groves, 1970; Seligman & 
Maier, 1967; Seligman, Maier, & Geer, 
1968; Testa, Juraska, & Maier, 1974) Fail- 
ures of these predictions would have been 
evidence against the learned helplessness 
position. In addition there are many new 
ways in which the hypothesis could be tested. 
For example the logic, if not the execution, 
underlying Experiments 8 and 9 of Weiss et 
al. (1975) seems to us to be adequate to test 
the learned helplessness position. The com- 
ing years should see a number of such tests 
and a more detailed elaboration of the learned 
helplessness hypothesis. 

Finally, we would like to say a word about 
the cognitive nature of our position. The 
learned helplessness hypothesis has been 
stated in cognitive languages, whereas most 
of the alternative views have been stated in 
S-R language. We have found it difficult 
to even approach the sort of phenomena that 
we have tried to explain within an S-R 
framework, and have found the cognitive 
theorizing to be more fruitful and to reflect 
more accurately those processes that we feel 
to be reflected in behavior. Many other in- 
vestigators of learning and motivation in 
lower organisms seem to have reached a 
similar conclusion (e.g., Bolles, 1972; Irwin, 
1971; Kamin, 1969; Seligman & Johnston, 
1973; Terry & Wagner, 1975; Wagner, 
Rudy, & Whitlow, 1973). The next few 
years should determine the value of such an 
approach. 
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At the present stage of development within 
psychology, a periodic need exists for the 
introduction of a bold, catalytic viewpoint 
that challenges the foundation of contem- 
porary thinking by placing stress upon the 
interpretive boundary conditions of existing 
models. In addition it should offer an alter- 
native model with integrative and predictive 
powers. The learned helplessness theory 
described in the preceding article by Maier 
and Seligman (1976) fulfills the above ob- 
jectives. These authors are not only re- 
sponsible for pioneering new areas of re- 
search but have simultaneously challenged, 
both on empirical and theoretical grounds, 
the existing infrahuman S-R models and 
dynamic clinical models of depression. Their 
extensive review of the literature represents 
a perceptive critical analysis of their op- 
ponents' positions as well as a serious at- 
tempt to state the weakness of their own 
viewpoint. The heuristic value of their 
position is reflected in the fury of research 
activity which has been generated over a 
wide variety of issues. They have succeeded 
in stimulating both interest and support as 
well as arousing disbelief and resistance. By 
pitting cognitive theory against S-R posi- 
tions, ingenious experimentation has emerged 


The author is very grateful for the aid of Thomas 
L. Boyd who not only helped in the literature re- 
view but provided a stimulating source of feedback 
throughout the preparation of this manuscript. He 
was especially helpful in the formulation of the 
section dealing with the discussion of the triadic 
design and is responsible for preparing the sec- 
tion on the Church (1964) criticisms of the yoked 
control procedure. 

Steven Е. Maier and Martin E. P. Seligman 
will reply in a subsequent issue. 

Requests for reprints should be sent to Donald 
J. Levis, Department of Psychology, State Uni- 
t of New York, Binghamton, New York 
3901. 
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on both sides of the issue, The resulting 
sharpening of theoretical issues may eventu- 
ally revive the interest and the advancement 
of knowledge achieved during Hull-Spence 
and Tolman debates which dominated psy- 
chological thinking in the forties and fifties, 

Although Maier and Seligman’s preceding 
article warrants additional praise, the as- 
signment at hand is to provide a careful 
analysis of the substance of their manuscript. 
The strategy adopted is that of the role of 
the critic in hope that such a critique will 
produce a positive effect by clarifying issues 
of contention and pinpointing weaknesses in 
need of correction. Because of the variety 
and importance of issues raised by Maier and 
Seligman and due to the limitations of space 
and time, the task at hand will not be easy. 
The following product should not be viewed 
as complete or definitive nor undeserving 
of equal critical rebuttal. 


PROBLEMATIC DEFINITIONAL ISSUES 


In closing their article, Maier and Selig- 
man acknowledge that it must seem to the 
reader that a great deal of theoretical con- 
fusion surrounds the learned helplessness 
phenomenon. Part of the blame for such 
misunderstanding must be shared by pro- 
ponents of the learned helplessness position. 
The following section is an attempt to high- 
light those issues and concerns in need of 
further clarification. One of the major ob- 
jectives of the Maier and Seligman article 
is to advance a learned helplessness theory to 
explain the learned helplessness effect. The 
authors raise the issue as to what must an 
adequate theory of helplessness accomplish 
(p. 16). Their response to this question is 
threefold: (a) It must account for the three 
facets of the effects of uncontrollable aver- 
sive events (motivational, cognitive, and 


emotional), (b) it must be testable, and (с) 
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it must be applicable outside the laboratory 
in explaining any helplessness effects found 
in the real world. 

Clearly other ingredients are needed be- 
fore a theory can be considered adequate. 
One such factor is definitional precision. The 
essence of this issue has been addressed by 
Feigl (1953) : 


This obvious standard of scientific method re- 
quires that the concepts used in the formulation of 
scientific knowledge-claims be as definitely de- 
limited as possible. On the level of the qualitative- 
classificatory sciences this amounts to the attempt 
to reduce all border-zone vagueness to a minimum. 
On the level of quantitative science the exactitude 
of the concepts is enormously enhanced through 
the application of the techniques of measurement. 


(p. 12) 


A large part of the attempt for precision in 
communication involves the operational 
analysis of psychological terms, As Skinner 
(1945) warns, we must explicate an opera- 
tional definition for every term unless we are 


willing to adopt the vague usage of the 
vernacular. 


Procedural Requirements 


The first issue of concern centers on the 
problem of what is precisely meant by the 
term learned helplessness. How is this con- 
struct manipulated procedurally and how is 
it measured behaviorally? Maier and Selig- 
man attempt to define learned helplessness 
procedurally via their conceptualization of 

instrumental training as representing en- 

vironmental contingencies which occur along 
a two-dimensional space as shown in their 
Figure 1 (p. 5). According to these authors, 
Such a representation permits the operational 
specificity of the concept controllability, 
From such a Conceptualization, a response R 
stands in a relation of control to a reinforcer 
RF if and only if P(RE/R) 75 P(RE/R). 
In other words, a response will procedurally 
change what the subject receives, On the 
other hand, a response R stands in relation 
of noncontrol to a reinforcer RF if and only 
if p(RF/R) = p(RF/R), 

à response is independent o 
and will not change procedurally what the 
subject receives, It is this latter case, in 
which the conditional probability of an out 


That is to say, 
f reinforcement 


come, given a specific response, does not 
differ from the conditional probability of re- 
inforcement in the absence of that response, 
that is procedurally required for producing à 
learned helplessness effect, The learned help- 
lessness effect then appears to be defined as 
à decrement in acquisition of an instrumental 
behavior by a given subject following ex- 
posure to a procedure in which the rein- 
forcers are programmed independently of 
the subject's responding. It should be noted 
that Maier and Seligman are referring to 
aversive reinforcement, and in the vast ma- 
jority of studies reviewed the learned help- 
lessness effect was obtained following the 
administration of electric shock. 

If the above paragraph represents an ac- 
curate account of what Maier and Seligman 
have outlined in the early part of their 
article, they indeed have met the necessary 
requirements for providing operational speci- 
ficity both in terms of the required procedu- 
ral manipulation needed to produce the 
learned helplessness effect, as well as the 
means of measurement. The reviewer's 
confusion results from subsequent statements 
made by the authors concerning their defini- 
tional framework as well as issues involving 
the utility and precision of their currently 
stated definitions as they relate to existing 
findings and to the theoretical structure they 
present to account for these findings, 

First, the issue of the Scientific utility of 
the existing procedural manipulation will be 
discussed. To obtain a learned helplessness 
effect Maier and Seligman maintain it is 
necessary to insure that the aversive rein- 
forcement is administered independent of the 
subject’s responding, Procedurally this 
manipulation is precise and necessary but 15 
it sufficient? For an operational definition 
to have utility there should also be a high 
Correlation between the execution of the 
Procedural manipulation and the resulting 
desired effect. Maier and Seligman p 
quite aware that the resulting correlation " 
question is not necessarily high. They x 
Out that exposure to “inescapable” “ee 
Produces a deficit on some escape tasks ай 
not on others (p. 39). For example ^ 
FR-1 shuttling paradigm used with 
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does not usualy produce the learned 
helplessness effect and similar results have 
been found with rats on an FR-2 lever press- 
ing task (Seligman & Beagley, 1975). The 
authors also acknowledge that in the studies 
with dogs where the learned helplessness 
effect was obtained, one third of the subjects 
seemed completely normal in that, like naive 
dogs not exposed to inescapable shock, they 
escaped efficiently. In some of the experi- 
ments only half of the subjects showed the 
desired effect (Maier, 1970). 

Although the learned helplessness proced- 
ure does not usually produce a learned help- 
lessness effect in rats exposed to an FR-1 
schedule, data are presented by Maier and 
Seligman which suggest the effect can be 
obtained with an FR-2 shuttle and an FR-3 
bar press response. They observe that one 
critical factor in explaining these differences 
emerged: “The response used in the test 
for learned helplessness must be difficult, 
and not something the rat does very readily" 
(p. 8). They further reason that crossing 
the shuttle box once for a rat is a "high 
probability initial response to shock" and 
perhaps represents for the rat a species- 
specific defense response (p. 23). If this is 
the case, then the procedural definition for 
producing the learned helplessness effect in 
rats could be made more precise by opera- 
tionalizing task difficulty or species-specific 
defense responses. However, from this re- 
viewer's viewpoint, the species-specific de- 
fense response concept (Bolles, 1970) is a 
very vague notion at present and lacks ade- 
quate operational precision within a given 
species or between species. 

To pursue this matter in a fruitful sense, 
Maier and Seligman must come to grips 
with such questions as why crossing the 
shuttle box for a dog, a cat, or a fish is not 
a species-specific defense response to shock 
when it surely is an effortless response for 
these organisms and is quickly learned? 
Furthermore, why does this label not apply 
to a human removing his hand from the grid 
of a shuttle box since such a response readily 
can be performed (Hiroto, 1974) ? Whether 
the critical parameter involves response ef- 
fort or perhaps an intrinsic feedback require- 


ment, the data suggest the original pro- 
cedural definition must include additional 
rules. 

To explain away the problem associated 
with intraspecies variability, Maier and 
Seligman conclude: “We believe that the 
prior history of these dogs before they ar- 
rived at the laboratory may determine 
whether a naive dog will show a learned 
helplessness effect and whether a dog given 
inescapable shock will be immune to this 
effect" (p. 7). lf this is the case, then it 
would seem to follow logically that if sub- 
jects were administered the learned helpless- 
ness procedure shortly following weaning, 
the 33/496 figure reported as representing 
the percentage of "immune" subjects tested 
at maturity should be markedly reduced. 
The only developmental study reported was 
a recent study conducted by Hannum, Rosel- 
lini, and Seligman (in press). Rats who 
were given inescapable shock following 
weaning did display the learned helplessness 
effect at 90 days of age. Unfortunately, the 
percentage of subjects who were “immune” 
in the inescapable conditions was not re- 
ported in the draft of Hannum et al, How- 
ever, speculating from the data presented it 
appears that some of the inescapable sub- 
jects emitted the escape response on subse- 
quent testing. Of special interest would be 
a design where subjects are tested for 
learned helplessness effect immediately after 
weaning. If the percent of immune subjects 
is not markedly attenuated, proponents of 
the learned helplessness position will be 
forced either to postulate a genetic position 
or to argue that immediate testing following 
Weaning is not early enough to account for 
differences in past histories. If genetic dif 
ferences are appealed to, the term learned 
will have to be dropped when describing the 
effect. If differential preweaning histories 
are appealed to, the resolution of this issue 
will be difficult to test. Whatever the out- 
come, if past history is an important variable 
to account for the variance then the pro- 
cedural definition should be refined to opera- 
tionally reflect this variable. In the absence 
of this refinement, post hoc explanations will 
flourish and arbitrarily determine what is 
referred to as the learned helplessness effect. 
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A similar problem arises when at one 
point in their article Maier and Seligman 
appear to alter their original procedural 
definition. In criticizing the Bracewell and 
Black (1974) test procedure, the authors 
"state: "In order for an effect to be called 
a learned helplessness effect, it must be 
demonstrated that the effect is caused by the 
controllability of the events delivered during 
pretreatment" (p. 22, italics theirs). Later 
in the article they also criticize Weiss and 
his colleagues on similar ground. Yet earlier 
in the article Maier and Seligman define 
lack of control procedurally by stating the 
formula p(RF/R) = P(RF/R). The learned 
helplessness effect is considered to have oc- 
curred if this procedural manipulation 15 
made and a decrement in responding is found 
during the test period. Both aspects of this 
latter definition were met in the Bracewell 
and Black experiment and in the Weiss, 
Glazer, and Pohorecky (1975) series of 
experiments. How can Maier and Seligman 
not define the effect as learned helplessness 
when they use this same definitional scheme 
to label a host of other studies as producing 
the learned helplessness effect? 

The whole theoretical issue between an 
S-R position and the cognitive position of 
Maier and Seligman is one based on the 
issue of whether the procedural manipulation 
of learned helplessness does or does not pro- 
duce differential reinforcement of motor re- 
sponses. - This is an empirical question. If 
Maier and Seligman pursue this is 
are in effect saying that if any experiment 

their procedura] definition for 
learned helplessness and the 


sue they 


helplessness effect, 
опе does not empiri 


ential reinforcement 
nomenon of learned helplessness 
obtained, Tn commenting on 


et al. (1975) experiments, Maier and Selig- 
man state: “Th is that in 


to producing such a deficit, and they may 
not reduce to one explanation” (p. 37). 
Thus, the basic issue remains; What are 
the procedural requirements needed, stated 
operationally in terms of both input and/or 
output variables, before an investigator can 
be assured, prior to conducting an experi- 
ment, that the necessary and sufficient condi- 
tions have been specified to produce the 
learned helplessness effect described by 
Maier and Seligman? 


Measurement Requirements 


It should be clear from the above that the 
procedural requirement of programming the 
reinforcements independent of subjects’ re- 
sponding is a necessary but not a sufficient 
manipulation to insure the learned helpless- 
ness effect. Perhaps the large portion of un- 
explained variance obtained by the above 
manipulation can be lessened by either limit- 
ing or redefining the response mechanisms 
under study and/or isolating the reinforce- 
ment parameters required to produce the 
effect. 

It will be recalled that the learned help- 
lessness effect was defined by Maier and 
Seligman as a decrement in acquisition of an 
instrumental behavior by a given subject 
following exposure to a procedure in which 
aversive reinforcers are programmed in- 
dependent of the subject's responding. The 
authors have documented, by referring to a 
large body of literature, the fact that such 
a decrement can result following exposure 
to such a procedure. At points throughout 
their article the authors appear to enhance 
precision in defining their effect by isolating 
certain Tesponse topographies which they 
believe are more sensitive to producing the 
desired decrement in responding. One ex- 
ample of such an attempt previously men- 
tioned is their use with rat subjects of FR-2 
shuttling and FR-3 bar press procedures. 
Another example involves their attempt e 
times to limit the learned helplessness Mr 
to measurement of escape responding and @ 
other times to define the effect even more 
Precisely by requiring the definition of u 
dependent measure used to include a failu” 
to escape, 
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First, the issue of whether or not Maier 
and Seligman intended to limit the measure- 
ment of the learned helplessness effect to 
escape responding will be considered. From 
their statement made at a later point in their 
article this clearly appears to be the case. In 
their own words: 


First, the experiments discussed by Anisman and 
Waller are not directly relevant to the learned 
helplessness effect. They are all studies of effects 
on avoidance, not escape. . . . The learned help- 
lessness effect is a failure to escape—to flee from 
shock itself—a more profound debilitation than 
failure to prevent shock. (p. 22, their italics) 


However, earlier in their article, references 
are made to the term avoidance in describing 
the learned helplessness effect. For example, 
the authors state: 


Further, after uncontrollable shock, dogs are not 
only debilitated at fleeing from the shock itself 
(escape), but they also seem to be unable to pre- 
vent or "avoid" shock. . . . The helpless dogs 
failed to avoid, just as they had failed to escape. 
(p. 8) 

It would appear that the issue of whether 
or not a decrement in avoidance learning is 
to be considered a learned helplessness phe- 
nomenon is in need of clarification, Further 
confusion arises regarding the boundary 
conditions required in limiting response 
classes when the authors discuss the gen- 
erality of the learned helplessness effect. 


So we believe that the psychological state рго- 
duced by uncontrollability may undermine response 
initiation quite generally. . . . Furthermore, these 
motivational deficits may not be limited to shock 
or even noxious events. Escape from frustration, 
aggressive behavior, and even the propensity to 
solve anagrams seem to be undermined by inescap- 
able aversive events. Conversely, uncontrollable 
rewards disrupt escape from loud noise, learning to 
procure food, and competitiveness. (pp. 12-13) 


The second issue of concern is whether 
Maier and Seligman intended to define the 
helplessness effect even more precisely by 
requiring the definition of the dependent 
measure used to include a failure to escape. 
At many places in their article this clearly 
appears to be their intention, For example, 
acknowledging that rats frequently fail to 
produce the learned helplessness effect after 
receiving inescapable shock, the authors 
state: “Unlike dogs, a rat given prior in- 


escapable shock was typically only a bit 
slower to escape shock on the first few trials, 
or slower to acquire avoidance—it did not 
fail to learn" (p. 8). By isolating the 
learned helplessness effect to a failure to 
learn (a more general statement) or to a 
failure to learn to escape shock (a more 
limited statement) the authors have clearly 
isolated the phenomenon under discussion. 
If this strategy was indeed their intention, 
the point should be incorporated into a more 
formal definitional framework. The reason 
for this latter request is because in a number 
of other parts oi their article the empirical 
definition of a helpless effect seems to change 
from one of “failure to learn" to one of 
demonstrating a decrement in performance 
depending upon the study under question. 
For example, in describing the helplessness 
effect in the Braud, Wepmann, and Russo 
(1969) study, the authors state that their 
yoked group (helpless group) was poorest 
at escaping from water (p. 10). In fact the 
subject did escape although a decrement in 
performance was obtained. 

In a number of other studies where the 
helplessness phenomenon was supposed to 
have been demonstrated, the term retarded 
is used by Maier and Seligman to describe 
the resulting decrement. A cursory inspec- 
tion of some of these studies, especially those 
involving human subjects, indicates a com- 
plete failure to learn did not occur, If a 
learning-no-learning definitional framework 
is to be maintained, then a number of studies 
which Maier and Seligman cite to support 
their position should be eliminated from 
their article. Furthermore, if such a dichot- 
omized criterion is to be advanced, those 
studies which used parametric statistics to 
show the effect should be reanalyzed with 
nonparametric tests, In either case it would 
be helpful if future studies would publish the 
individual subject distribution of responding 
so the exact nature of the distribution ob- 
tained could be scrutinized. It is the author's 
opinion that if the learned helplessness effect 
were defined solely as the absence of any 
escape responding many of the studies re- 
viewed would not have yielded a reliable 
difference between experimental and control 
subjects. 


roe 


Lastly, a comment is in order concerning 
Maier and Seligman’s statement that it does 
not matter if the inescapable shock is or is 
not preceded by a signal (p. 7). If a 
signal is permitted to be introduced into the 
context of a learned helplessness paradigm, 
then this reviewer has difficulty discriminat- 
ing procedurally between a learned helpless- 
ness procedure and a classical conditioning 
fear procedure where the reinforcement is 
also programmed independent of the sub- 
ject’s responding. As McAllister and Mc- 
Allister (1971) have demonstrated, the 
classical fear conditioning procedure is fre- 
quently followed by an increment in instru- 
mental responding rather than a decrement. 
That is to say, when provided an oppor- 
tunity, the animal learns to leave the appa- 
ratus in which inescapable shocks were pre- 
viously administered. 


Tue LEARNED HELPLESSNESS TRIADIC 
Desicn : A RECONSIDERATION 


Maier and Seligman raise an important 
question when they ask how one can deter- 
mine whether the learned helplessness effect 
results from experiencing uncontrollable out- 
comes as opposed to merely experiencing the 
outcome itself (p. 6). Their answer relies 
on the use of a “triadic” procedure which is 
described by them as representing “a simple 
and elegant experimental design" (p. 6). 
The triadic design involves the use of three 
groups. The first group receives as its pre- 
treatment manipulation an experimentally 
manipulated contingency that can be directly 
altered by a given response. The second 
group receives as its pretreatment exactly 
the same physical outcome as its counter- 
part in the first group via a “yoking” pro- 
cedure with the stipulation that yoked sub- 
jects’ responses have no direct effect on 
procedurally modifying these outcomes. The 
final group receives no pretreatment manip- 
ulation. At a later point in time all groups 
are tested on a new task where the pro- 
cedural contingency used can be altered 
directly by a given response. 

The triadic design is viewed by Maier and 
Seligman as a direct test of the hypothesis 
that the cause of helplessness {5 learning 
that shock is uncontrollable, and not shock 


DONALD J. LEVIS 


per se, causes helplessness. In other words 
it is used as a control for stimulation per se. 
The yoked group, then, is the experimental 
group under investigation in helplessness ex- 
periments. It should be noted, however, 
that the yoked procedure was originally 
introduced into the field as a control group. 
The design was developed in an attempt to 
determine whether the temporal relationship 
between an event and response is related to 
the observed effect obtained. The yoked group 
in this case serves as a control to determine 
whether the above contingency is indeed the 
important factor. Despite differences in 
usage and semantic labeling, the yoked pro- 
cedure in both cases is identical, as is the re- 
sulting behavioral effect. Within the triadic 
design, the decision of Maier and Seligman 
to select the yoked condition as the main 
subject of study has led to an important 
contribution. As their review attests, the 
behavioral outcome of the yoked subjects has 
been demonstrated to lead to a number oí 
behavioral outcomes, including nonescape, 
loss of weight, and other effects interpreted 
as signs of stress, 

Maier and Seligman clearly document the 
importance of viewing the yoked procedure 
as an experimental condition. However, in 
an earlier, well-conceptualized paper, Selig- 
man (1969) has questioned the validity of 
using such procedures as the yoked condi- 


tion for a control group. In Seligman's 
own words: 


When one runs a control group, one must be alert 


to the possibility that one operational difference 
may produce several effects, , . . If multiple 
effects are produced by the control manipulation, 
the investigation must determine how these effects 
Interact with the main dependent variables before 
making any interesting causal inferences. Thus, 
the present author has suggested that one cannot 
determine a priori on operational grounds alone 
what the appropriate control group should be. 
One controls not only for operations, but also for 


the results those operations are expected to pro^ 
duce. (p. 490) 


If Seligman is correct that the Presence of 
additional factors or variables produced as а 
result of a single control operation potenti" 
ally confounds interpretation of the absence 
of instrumental responses for which the co?" 
trol is intended, then would it not be r°? 
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sonable to expect the counterpart to be 
equally plausible? That is to say, is it not 
logical to consider the possibility that the 
absence of these same additional factors as 
a result of the opposite control operation 
must necessarily confound interpretation of 
the presence of instrumental responses being 
controlled for in the triadic design? 

A closely related criticism of the triadic de- 
sign may be found in the now classic paper 
on the systematic effects of random error 
within the yoked control design outlined by 
Church (1964). It is interesting to note 
that Maier and Seligman’s article under 
discussion does not mention Church’s posi- 
tion while discussing the merits of the triadic 
design. In fact, on cursory examination of 
the helplessness literature, only one refer- 
ence to Church’s position was found (Selig- 
man, 1975). In a footnote, Seligman takes 
the position that Church (1964) 


has argued against the use of yoked group as a 
control group for instrumental learning. This 
argument is not relevant to experiments on help- 
lessness in which the yoked group is the experi- 
mental group, and the other groups are control 
groups. (Seligman, 1975, p. 190-191) 


While it is true that Church speaks 
specifically to the issue of the yoked group 
as a control group for instrumental condi- 
tioning, it is not clear that this precludes 
its application to the triadic design. As a 
control group, the yoking procedure in- 
volves a number of subjects that are paired 
on some basis, One member serves as the 
experimental subject, the other as the yoked 
control. The experimental subject is placed 
in an instrumental learning situation, in 
which an event occurs if it makes a particu- 
lar response ; the yoked control subject is put 
into a situation in which an equivalent event 
occurs if its yoked experimental subject 
makes the response. As Church (1964) 
pointed out, the critical characteristic of this 
design is that an experimental subject deter- 
mines the presentation of events to its con- 
trol subject so that the control subjects and 
experimental subjects receive the same num- 
her and temporal distribution of events. 

Following Church’s arguments through, 
One must consider a situation in which the 
null hypothesis is true, namely, that the 


temporal relationship between the response 
and the event is irrelevant, though one in 
which the event does have an effect on be- 
havior, In the yoked control design, in- 
dividual differences in subject variables do 
not necessarily result in random errors, but 
rather can produce a constant error sys- 
tematically biasing one group against another. 
One important and reasonable common in- 
dividual difference in conditioning procedures 
will be the effectiveness of an event. If an 
experimental subject for which the event is 
effective is matched with a yoked control 
subject for which the event is equally effec- 
tive, no reliable difference in the percentage 
of conditioned responses will occur. A simi- 
lar result will be obtained in those cases for 
which the event is equally ineffective for 
both subjects. However, if an experimental 
subject that is affected by the event is 
matched with a yoked control subject that 
is not, the experimental subject will make 
substantially more responses than its 
matched control. On the other hand, if an 
experimental subject not affected by an 
event is matched with a yoked control sub- 
ject that is affected, neither will make many 
responses. The experimental subject will 
rarely make a response, by assumption, and 
the control subject will not make many re- 
sponses because it only occasionally receives 
an event. An algebraic summation of these 
four potential outcomes will yield a system- 
atic bias in favor of the experimental group 
as performing a greater number of instru- 
mental responses despite the irrelevance of 
the response event contingency. Church is 
addressing himself to a potential behavioral 
outcome which is the result of an interaction 
between a subject variable and a procedural 
manipulation. The hypothesis generated is 
that the effect of an event on a response is 
related to the temporal relationship between 
the event and that response. Given the 
systematic biases outlined above, the experi- 
menter would falsely reject the null hypothe- 
sis with a higher probability than the level he 
had set for the Type 1 error. 

In Maier and Seligman's discussion of the 
triadic design the labels for experimental 
and control groups are reversed, although 
the procedural manipulations are identical 
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and so, presumably, the behavioral outcomes 
are equally identical. The hypothesis gen- 
erated is that the behavioral outcome (dec- 
rement in instrumental escape behavior) is 
related to prior exposure to the absence of a 
temporal relationship between the event and 
response. If the same systematic bias re- 
sults as stated above, the experimenter will 
again falsely reject the null hypothesis, 
thereby assuming a relationship when in fact 
there is попе. 

The application of Church’s (1964) posi- 
tion to the learned helplessness position is 
potentially serious. One of the most power- 
ful rebuttals to the competing-motor response 
theory of learned helplessness put forth by 
Maier and Seligman is the Maier (1970) 
study in which dogs given passive avoidance 
training were compared with dogs given in- 
escapable shock, Presumably, if inescapable 
shock produces motor responses such as 
freezing or immobility, incompatible with 
later shuttle box performance, and immo- 
bility or passive avoidance is trained in a 
control group, there should be no difference 
in later shuttle box escape/avoidance per- 
formance. On the other hand, if escape/ 
avoidance decrement is related solely to 
prior exposure to uncontrollable shock pre- 
sentations, then the control group (control- 
lable shock by passive avoidance) should be 
superior to the yoked experimental group in 
later shuttle box performance. As Church 
points out, presumably there will be some 
variation from moment to moment in the 
severity of shock, as a result of variation in 
density and locus of the shock, degree of 
grid contact, etc. Whenever the control 
subject receives a particularly painful shock, 
it may be able to escape quickly, but its 
matched experimental subject is not as fortu- 
nate, Perhaps the result of such moment-to- 
moment variation in shock plays an impor- 
tant role here as opposed to simply the lack 
of control of shock. Recent evidence b 
Anderson апа his colleagues (to be dis- 
cussed later) would seem to indicate that the 
issue of shock parameters, regardless of the 
nature of shock control 


tance in determining the learned helplessness 
effect. „Clearly, more parametric work is 
needed in the alternatives to the yoked pro- 


‚ 1s of extreme impor- 
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cedure such as those outlined by Church and 
examined by Anderson (Note 1) before the 
issue is resolved. Until such time, however, 
experimenters who uncritically adopt the use 
of the triadic design must contend with the 
potential for systematic error and faulty 
inferences. 


LEARNED HELPLESSNESS THEORY 


One of the major objectives of the Maier 
and Seligman article is to advance an ade- 
quate theory to account for the empirical 
findings generated by the learned helpless- 
ness paradigm. The theory advanced 15 
described as involving three separate stages. 
The first ingredient consists of the organism 
receiving information that the probability of 
the outcome is independent of performing а 
given response class, This stage is achieved 
via a yoked procedure in the context of the 
triadic design employed in learned helpless- 
ness research. The second and critical stage 
involves the organism registering and pro- 
cessing cognitively the information about the 
contingency outlined in the first stage. This 
transformation can be subdivided into two 
processes: (a) learning that a contingency 
exists concerning the independence of re- 
sponding and outcome, and (b) developing 
the expectation that responding and outcome 
will remain independent on future trials. 
Concomitant with the second stage is a re- 
duction in the motivation to control the out- 
come. The final stage involves the general- 
ization or transferring of the expectations 
developed that responding and outcome are 
independent to new learning situations. The 
outcome of this generalization is behaviorally 
referred to as the learned helplessness effect- 

Maier and Seligman considered the theory 
Presented to be straightforward (р. 16). 
Indeed the deductive steps taken to outline 
their position can be viewed as representing 
a logical sequence of steps bridging the £P 
between their procedural manipulation а. 
their dependent measurement of the learnt. 
helplessness finding. Despite the ше 
consistency offered regarding the inter! aa 
tionship of their postulated theoretical are 
structs, a number of lingering questions й 
mediately present themselves. How he 
one determine, independent of measuring 
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outcome variable, when or whether a given 
procedural manipulation has been registered 
cognitively? Once registered, what are the 
rules and measurement criteria for deter- 
mining whether or not an “expectation” will 
or has developed, and whether or not it will 
generalize to future trials? What are the 
parameters responsible for facilitating this 
generalization process, and what are the rules 
which determine its boundary conditions? 
What exactly are expectations, how are they 
identified, and more precisely how are the 
critical intervening variables anchored or 
operationally linked to antecedent conditions? 

To the theoretical purist, such questions 
are of paramount concern and not new to the 
position being discussed. One needs only to 
recall the voluminously critical writings gen- 
erated by philosophers of science concerning 
the cognitive theory of Tolman (1932). For 
example, Osgood (1953) summarized the 
viewpoint of many of the authors of the time. 


Tolman has shown a magnificent lack of concern 
over the details of behaving. Having cognitions 
and demands; appropriate behaviors just appear 
spontaneously. As White (1943) puts it, ‘Since 
their behavior is not necessarily a "response" to a 
"stimulus" it is called simply behavior. . >} (p. 
171). This lack of concern has certain advantages, 
chiefly that the important phenomenon of response 
equivalence can be accepted without explanation. 
It also has a serious disadvantage from the stand- 
point of theory, namely, that there is a gap in the 
inferential sequence which makes detailed pre- 
dictions impossible. . . . Because of this gap in 
the predictive sequence, one gets the impression 
(while reading Tolman's work) of a disembodied 
rat floating along the cognitive lines of its ex- 
pectations, busily plotting maps of the experi- 
mental field—all quite isolated from the corporeal, 
behaving muscles which move it here and there. 


(р. 391) 


Perhaps it is inappropriate to resurrect the 
issues of antiquity and suggest they have 
relevance to modern-day cognitive theory. 
But if criticism is valid, it should have no 
time restraints imposed upon it. Let us 
consider those points raised by Osgood 
Which may be appropriate to Maier and 
Seligman's formulation. 

In addressing themselves to the issue of 
What an adequate theory of helplessness must 
achieve, Maier and Seligman state that such 
а position must account for the three facets 


55 


of the effects of uncontrollable aversive 
events: motivational, cognitive, and emo- 
tional. Indeed, the model offered includes 
three such constructs. Perhaps in reviewing 
the rationale upon which the three ingredi- 
ents of the model obtained their empirical 
base, an independent definitional framework 
will emerge for each construct. If such is 
the case, Osgood’s criticism of Tolman, that 
a magnificent lack of concern exists over 
the details of behaving, will indeed be deemed 
inappropriate for the purpose of our present 
discussion. 

Maier and Seligman maintain that deficits 
in motivational, cognitive, and emotional 
components often ensue when an organism 
experiences uncontrollable events. Let us 
analyze the definitional properties of each of 
these components separately. 


Motivational Component 


The authors state that once exposed to the 
learned helplessness procedure the motiva- 
tion to respond in the face of later aversive 
events seems to wane. They suggest that 
the deficits produced in the component “are 
in many ways the most striking’ (p. 7). 
Furthermore, a large section of their article 
(pp. 7-13) is devoted to documenting their 
contention that such a motivational deficit 
exists. 

Unfortunately, after a careful review, it 
appears to this writer that a motivational 
deficit is defined by Maier and Seligman 
excluding references made to anecdotal ob. 
servations, as a decrement in performance 
or a failure to learn. But the latter measure 
also defines the learned helplessness effect. 
Are Maier and Seligman seriously suggest- 
ing that the outcome measure or perform- 
ance variable is equated with the concept of 
motivation without independently attempting 
to separate motivational effects from rein- 
forcement effects? From this writer's analy- 
sis the outcome of not performing a given 
response class in no way a priori suggests 
anything definitive about the energy or mo- 
tivational properties of the organism, It 
seems equally conceivable from data obtained 
from the passive avoidance literature that an 
organism can be under a high-drive state 
and at the same time behaviorally be im- 
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mobile depending upon the interaction of 
habit and drive. Clearly, an independent 
set of input and output variables must be 
established before the motivational prop- 
erties of the organism can be assessed. As 
Osgood noted (1953, p. 392), linking theo- 
retical constructs only to the subsequent de- 
pendent behavior eventuates in the develop- 
ment of a tautology. 


Cognitive Component 


Much of what was said concerning the 
definition of motivational properties can also 
be applied to determining whether a cogni- 
tive deficit exists. The measurement of a 
cognitive deficit also appears to involve the 
performance variable used to define the 
learned helplessness effect. A cognitive 
deficit is reported to occur following the learn- 
ing that reinforcement and responding are 
independent, when the organism’s ability to 
learn that two sets of stimuli depend upon 
one another is demonstrated to be retarded. 
Although the evidence presented by Maier 
and Seligman, which mainly comes from hu- 
man studies, is substantial, the existence of 
effects noted in fish, rats, cats, dogs, and 
people, and Seligman (1975, р. 28) even 
these alternative explanations will be men- 
tioned at a later point when the human ex- 
periments are discussed. 


The cognitive model of Maier and Selig- 
man apparently has been applied with equal 
voracity to explaining learned helplessness 
effects noted in fish, rats, cats, dogs, and 
people, and Seligman (1975, p. 28) even 
talks about the helplessness phenomenon oc- 
curring in cockroaches. Since the effect ap- 
pears to have considerable species generality 
it would not be surprising to learn that help- 
lessness effects are eventually observed in the 
behavior of Paramecium aurelia. If Maier 
and Seligman are viewing their Cognitive 
model as involving hypothetical constructs in 
the definitional sense suggested by Mac- 
Corquodale and Meehl (1948), one can only 
be amazed that the brain capacity of a given 
species is not viewed as an important vari- 
able. It would Appear that such a factor 
may well be instrumenta] in determining 
whether a helplessness effect will occur, the 
speed of its occurrence, and the degree by 
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which it can be retained and generalized. 
Without such a stated parameter we are left 
with the conclusion that both qualitatively 
and quantitatively the "expectancy" mecha- 
nism of a fish or cockroach is equivalent to 
that of a man. 


Emotional Component 


Maier and Seligman observed that ш 
helplessness effect in dogs became dissipate 
in time after a single session of inescapable 
shock, suggesting a transient emotional а ` 
turbance (р. 14). The authors also appe? 
to data generated from the experimenta 
neurosis literature. Although a clear dis: 
tinction between motivational and emotiona 
components eludes this writer, Maier an 
Seligman suggest that the emotional com- 
ponent can be defined independently of the | 
learned helplessness effect. In achieving | 
this objective the authors have relied upo” 
traditional measure of stress such as thg 
development of ulcers, loss of weight, E 
creased defecation, and decreased drinkin 
behavior (p. 15). Such a definitional scheme 
is clearly an improvement over what is 01 
fered in defining the motivational and cogn 
tive components, 

However, some confusion about the in” 
portance of this emotional component appear? 
to occur later in the article when Maier anc 
Seligman criticize the position taken bY 
Weiss. In their words 


"Weiss et al. (1975) argue that the learned hel”: 
lessness effects which we have found are сайа 
by norepinephrine depletion produced by the "ie 
escapable shock which we deliver, Therefore Г 

required that Weiss and his colleagues demonst"; E 
that our inescapable shock conditions produce 31, 


tense stress and norepinephrine depletion. (P 
their italics) 


Earlier they mentioned (p. 29) that Wes 

defined stress as being measured by eae 
lesions, loss of body weight, plasma steig x 
levels, and fearfulness. Yet Maier and stres? 
man appear to deny the existence О ing {0 
or emotionality variables when refert! og. 
their own work. Clearly a greate, i role 
sion is needed in stating exactly ү e die 
their emotional components play, W^ hê 
occur, what are their time courses, 2D ^,,q t? 


m" её! 
are the other boundary conditions P 
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determine their role. The Seligman and 
Johnston (1973) paper does represent one 
such effort in this direction. 

In summary, if Maier and Seligman are 
intent upon offering a theoretical analysis to 
explain a behavioral outcome referred to as 
the learned helplessness effect, a clear defini- 
tion of each process in the chain is required 
along with specified methods for measuring 
the process, Since the evidence provided by 
Maier and Seligman suggests the need for 
the postulation of covert mediational pro- 
cesses, which was the strategy followed, the 
resulting constructs must be linked to ante- 
cedent conditions if predictive power is to be 
enhanced. Defining constructs only in terms 
of subsequent, dependent behavior leads to 
circular reasoning. Clearly some of the 
criticism offered must be tempered in fair- 
ness to Maier and Seligman since their 
theory is clearly in its developing stages. 
Because of the cognitive nature of the theory, 
time must be granted for the establishment 
of adequate measurement instruments to 
elevate their constructs to the domain of 
direct manipulation and observation. It 
should also be noted that Maier and Selig- 
man constructed their theory partly by the 
process of exclusion. In their own words: 
We have found it difficult to even approach the sort 
of phenomena that we have tried to explain within 
an S-R framework, and have found the cognitive 
theorizing to be more fruitful and to reflect more 
accurately those processes that we feel to be re- 
flected in behavior. (p. 57) 

Let us now turn our attention to some of 
the critical phenomena which guided them to 
their position. 


ALTERNATIVE S-R POSITIONS 


Tn the final section of their article, Maier 
and Seligman review alternative theories to 
the learned helplessness hypothesis. The 
alternative positions were divided into mo- 
tivational and motor accounts. They are 
primarily S-R in conception and designed 
to account for data obtained at the infra- 
human level. Considerably more attention 
is given to the motor accounts which are 
subdivided into incompatible motor response 
theories and the motor activation deficit hy- 
pothesis, It is in this final section of their 


article that the full power of the helplessness 
hypothesis emerges. The predictive impli- 
cations of the helplessness model are devel- 
oped in an impressive manner. With the 
skill of master swordsmen, Maier and Selig- 
man dissect the motivational and incompat- 
ible motor response theories with such con- 4 
vincing data and equally devastating argu- | 
ments that one wonders whether or not 
their blows are fatal. 

The motor activation hypothesis fairs 
somewhat better in Maier and Seligman's at- 
tack. The authors even acknowledge (p. 36) 
that Weiss et al. (1975) have demonstrated 
a number of very interesting effects and that 
the interpretation of their own data is likely 
quite correct. However, Maier and Selig- 
man deny that the data obtained by Weiss 
et al. can be labeled learned helplessness 
effects. The latter conclusion is based, in 
part, upon the procedural differences em- | 
ployed in the Weiss et al. series of experi- 
ments. Maier and Seligman's arguments ap- 
pear at times to be presented cogently but 
at other times seem to be immersed in defini. 
tional issues as noted earlier in this article, 
Clarification of the issues advanced must 
await further experimentation. 

Clearly, Maier and Seligman have amassed 
a strong, critical, data-based argument 
against incompatible motor response posi- 
tions. At present the bulk of the data ap- 
pears to support their cognitive theory. How- 
ever, a paper presented at the meeting of 
the Psychonomic Society in 1974 by Ander- 
son, Lupo, Cunningham, and Madden (Note 
2) provides the strongest data to date for 
an interference motor interpretation. These 
investigators reported evidence obtained 
from rats which strongly suggests that 
learned helplessness effects are dependent 
directly upon the type of shock stimuli used. 
Tnescapable programmed pulsating shock was 
found to produce no shuttle interference 
whereas inescapable continuous shock re- 
sulted in substantial impairment of shuttle 
escape behavior. Shock duration effects 
were also found to be an important variable. 

Maier and Seligman will have to address 
themselves to the issues raised by Anderson 
and his colleagues. Unfortunately, their data 


have yet to appear in print, and this writer's 


_ urge to highlight their work in detail had to 
. be suppressed out of fairness to Maier and 
= Seligman. To provide a careful evaluation, 
details of the procedures used must be scru- 
= tinized by all concerned. Nevertheless, the 
. data outlined by Maier and Seligman are still 
in need of explanation if an S-R interpreta- 
- tion is to provide a viable alternative. Most 
.. existing incompatible response theories ap- 
pear to be presented in a post hoc fashion 
rather than in a more formal integrative way. 
The latter strategy may well provide the 
necessary interpretative power to explain at 
least some of the reviewed data. 

Stimulated by Maier and Seligman's state- 
ment (p. 41) that their proposed cognitive 
theory developed, in part, because an S-R 
analysis was unable to account for the data, 
F this writer undertook the challenge to 

develop such an interpretive framework, 
. Elements of the model to be proposed are 
. taken from other existing positions. Because 
. of space limitations, the proposed theory will 
-. be presented in a less than formal manner, 
... Operational specificity of input and output 
` variables, as well as some of the interacting 
. mechanisms, will not be outlined in detail, 

However, they should be readily apparent to 
S-R theorists. At best the model will stimu- 
late additional research. At worst it will 
provide an easy target for cognitive critics. 


=. 


f Two-Process REINFORCEMENT THEORY 

ji І OF ESCAPE LEARNING 

L + 7 eo. 

\ Shock onset is believed to elicit at le 
two unconditioned response topographies. 

F The first involves movement of the area 

= being stimulated away from the point of 

| stimulation and is considered 


ast 


reflexive in 
. mature. The second involves an emotional 
_ component and is manifested in unrestrained 
| . animals by a general increase in gross bodily 
movement frequently accompanied by acts 
of urination and defecation. Both reactions 
. involve movement, the topographies of which 
are generally heterogeneous and varied 
| pending upon the restrictions of the experi- 
mental setting and shock parameters utilized. 
| Shock offset is hypothesized to produce two 
related, but conceptually different, processes, 
The first process involves a reduction in 
painful stimuli and is believed to occur at 


de- 
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maximum reinforcement value almost im- 
mediately following shock cessation. The 
second reinforcement process involves a re- 
duction in the emotional state (fear) result- 
ing from the experience of pain.* The 
second process of fear dissipation is con- 
sidered to be gradual, with the time course 
of the gradient being dependent, in part, 
upon the intensity of the shock used. The 
stronger the shock, the greater the delay 
needed to reach the point of maximum re- 
inforcement value. Both processes will tend 
to strengthen directly those response classes 
which immediately precede the point of 
maximum reinforcement value. Pain re- 
duction, however, is viewed as producing a 
stronger per trial reinforcement effect. 

First let us consider the situation in which 
the animal is exposed to a contingency in 
which a given response class will modify the 
shock duration (escape procedure). As 
stated before, the initial presentation of shock 
onset will markedly increase a subject's 
activity. If the escape response required 
involves a response class similar to that 
elicited by the unconditioned effect of shock, 
the probability of the escape response occur- 
ring will be high. The first and subsequent 
occurrence of the escape response will be 
reinforced directly by pain reduction, lead- 
ing to the learning (shorter escape latencies) 
of the response class under consideration. 
Tt should be noted that the response class 
learned is homogeneous in nature, with all 
competing response classes being inhibited 
as learning increases, Tf the escape response 
under consideration is not similar to or in- 
compatible with the elicited unconditioned 
responses, the probability of the first oc- 
currence of the desired response will be low. 
With repeated nonescape trials and with 
longer shock duration periods, the prob- 
ability of escaping will continue to decrease: 
The latter. will occur because (a) none of 
the various response classes emitted will be 


1 The author would like to acknowledge the 3 
fluence of Judson S. Brown for first bringing 10 
my attention the potential effects of postshoc* 
emotionality, which grew out of a lengthy inte 


а H dif- 
change a number of years ago concerning 4 
ferent area, 
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selectively reinforced and (b) continual 
shock trials may well result in punishment 
effects similar to those suggested by Brace- 
well and Black (1974) and by Anderson and 
his colleagues (Note 2). Thus, the prob- 
ability of the occurrence of escape learning 
will be a direct function of the similarity of 
the response class selected for testing and 
the response classes elicited by uncondi- 
tioned effects associated with shock parame- 
ters, 

The second reinforcement process, a re- 
duction in fear, will strengthen whatever re- 
sponse class is present while the process is 
taking place. If the response class occurring 
on a trial-to-trial basis is variable, the ac- 
crued reinforcement effects to a given re- 
sponse topography will be small, producing 
little systematic effect on the response class 
reinforced by pain reduction. However, if 
the response class is initially relatively stable 
from trial to trial, its strength will sys- 
tematically increase with trials. Further- 
more, this habit strength is expected to in- 
crease progressively with repeated trials at 
respective points along the fear gradient at 
least up to the point of shock offset. It is 
therefore conceivable that with established 
escape learning, shock onset may produce 
one set of response classes and shock offset a 
different incompatible set. This latter pos- 
sibility is supported by the observation that 
for a number of animals (especially rats) 
activity level following shock offset appears 
to markedly decrease. Empirical evidence 
of intertrial movement activity following 
avoidance training also supports this notion 
(Shipley, Mock, & Levis, 1971). Thus, if 
the escape response involves movement, this 
response will be reinforced by pain reduc- 
tion. It immobility initially occurs following 
shock offset, this response class will be rein- 
forced by fear reduction. 

Let us now apply this two-process rein- 
forcement model to an inescapable shock 
procedure. The reinforcement effects of 
pain reduction still occur following each 
shock offset period. But the probability of 
a given response class being strengthened 
systematically early in training is low, given 
that shock duration is programmed indepen- 
dently of the response elicited. If relatively 


few trials are given, this procedure should 
have little effect on subsequent escape train- 
ing since the reinforcement effects are dis- 
tributed among the various response topog- 
raphies elicited by shock onset. However, 
with a large number of such trials, the pos- 
sibility that immobility (freezing) will be- 
come the dominant response class is expected 
to increase for the following reasons: (a) 
Since onset of shock is expected to elicit re- 
sponse topographies involving movement, the 
continual presentation of shock following 
the onset period may, over trials, result in 
a systematic punishment of movement activ- 
ity. Such an effect would increase the 
probability that inactivity would become the 
dominant response pattern. This possibility 
becomes more likely with the use of a yoked 
procedure since duration effects will vary 
from trial to trial. (b) As Anderson and 
his colleagues (Note 2) suggest, certain 
types of shock parameters may increase the 
probability of the freezing response occur- 
ring during shock presentation. And (c), if 
a strong habit of immobility develops im- 
mediately following shock offset as previously 
suggested, and if a dominant response topog- 
raphy is not present during shock presenta- 
tion, the stronger reinforced habit of im- 
mobility may transfer back to the shock pre- 
sentation period. 

Once the frequency of inactivity increases 
during shock presentation, immobility, as was 
the case with the escape response, will 
come under the reinforcement control of 
shock offset (pain reduction), If the two 
reinforcement processes (pain and fear re- 
duction) produce similar response topogra- 
phies, the reinforcement effects should sum- 
mate. When the inescapable shock subjects 
are then transferred to an escape paradigm, 
those subjects that previously have been re- 
inforced for freezing will have a greater 
tendency than escape controls to remain im- 
mobile in the presence of shock. "Thus, the 
probability of not learning the escape re- 
sponse will be high, producing the so-called 
learned helplessness effect. 

One obvious implication of the above 
model is that the mechanism outlined for 
producing the learned helplessness effect 
would not be expected to occur in every 
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animal. For the model to predict learned 
helplessness, immobility must be demon- 
strated to have become the dominant re- 
sponse pattern following shock onset during 
exposure to inescapable trials. The factors 
responsible for producing immobility during 
this period are not under experimental con- 
trol increasing the chance for individual 
variation. Furthermore, it is conceivable 
that for some subjects fear reduction may 
systematically strengthen activity rather than 
inactivity, leading to the possibility of a sub- 
tractive rather than additive effect of the two 
reinforcement processes. Since degrees of 
activity can be defined empirically, one need 
not appeal to unknown events involving 
prior history to account for the established 
variability of the learned helplessness phe- 
nomenon, By measuring activity directly 
during the inescapable shock period, it should 
be possible to predict for each subject 
whether or not a helplessness effect will 
occur. 

A number of other predictions can be made 
from the proposed two-process theory, but 
for purposes of this article, the discussion 
will be confined primarily to those “critical” 
studies stated by Maier and Seligman to be 
unanswerable from an S-R position. They 
fall into five general areas, 


1. The first issue considered is why rats 
failed to manifest the learned helplessness 
effect in the context of FR-1 shuttling. Ac- 
cording to the proposed models one need not 
appeal to a species-specific defensive reac- 


escape contingency, to 
tendency toward im i 
to shock than the 
subjects. With moderate or 
shock, Some activity upon the initial pre- 
sentation of shock should occur. As noted 
earlier if the activity elicited by shock is 
similar їп response topography to that of the 
required escape response, the chances will 
increase that the desired response will occur 
and be reinforced, In the FR-1 studies 
with rats the response required usually in. 
volves the rats crossing from one compart- 


high levels of 


ment to another. The above response topos- 
raphies are considered relatively similar to 
the topographies elicited by conci 
effects of shock. Although inescapable shoc 
subjects are expected to perform o 
activity response during escape training, a 
frequency and range of such activity shou 
be reduced when compared to escape an 
nontreated controls. Although learning may 
well occur for the inescapable subject, а! 
initial decrement in responding is predicte¢. 
This expectation is confirmed by the finding 
reported in the literature (Maier & Selig- 
man, 1976), с Ў 

The usual FR-1 shuttle escape гевро?'4 
required in the dog studies is defined as а 
leap over a shoulder-high barrier, a respon* Y 
topography considered to be more remove tel 
from that elicited by unconditioned effects. 
Since the range and frequency of activity re 
sponses of inescapable subjects is considere 
to be reduced, the probability of the desire 
response class occurring is consideraby 
lower than the same probability generatec 
for the response class defined as escape Þe- 
havior in rat studies. The same effect ob- | 
tained in dogs, with everything else hel 
constant, should be obtained in rats if the 
escape behavior involves a leap over a high 
barrier. This prediction receives some sup- 
port from the Weiss et al. (1975) study. 
Detrimental effects were increased for rats 
in an inescapable stress group when the 
height of the barrier in the shuttle box was 
increased, and decreased when the escape 
response was defined as poking their nose 
through a hole. 

According to the two-factor position, FR- 
1 shuttle box responding in rats should € 
produce the learned helplesness effect v 
т amber of inescapable trials are significantly 
increased and/or if higher shock Lr acad 
are employed. Weiss et al. (1975) aga! 
provide data which tend to support both E 
these predictions, In fact, these authors is 
criticized by Maier and Seligman (p: sla 
for making these recommended arc 
tions, Tt should be noted, however, iA a 
Weiss et al, inescapable condition di le aa 
always involve exposure to electric е м 
direct confirmation of the above predict! 
1s still in need of testing. 
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In the FR-1 shuttle box studies where 
escape or avoidance was obtained, the two- 
process theory would predict that FR-1 
shuttling should extinguish more rapidly in 
groups given previous exposure to inescap- 
able shock than in control groups. The 
prediction is based on the assumption that, 
because of previous reinforcement effect, a 
Stronger habit strength for immobility still 
exists for the inescapable subjects when com- 
pared to controls. Once the reinforcement 
for substaining the escape behavior is re- 
moved or reduced, the probability is higher 
for the inescapable shock subjects that the 
response class of nonresponding will be 
disinhibited. This prediction is consistent 
With the finding reported by Testa, Juraska, 
and Maier (1974). 

(2) Maier and Seligman (pp. 24-25) dis- 
¿cuss two cleverly designed experiments con- 
ducted by Maier and Testa (1975) which 
effectively argue against incompatible motor 
response theories, In the first study Maier 
‘and Testa found that while inescapably 

shocked rats failed to learn ordinary FR-2 
Į shuttling, they learned as well as nonshocked 
controls when there was a 1-sec interruption 
of shock after the first crossing of the FR-2 
procedure, In their second study Maier and 
Testa found that a delay in shock termina- 
sion as short as 1 sec severely retarded the 
acquisition of FR-1 shuttle box escape re- 
sponding in rats previously exposed to in- 
escapable shocks, but had no effect on sub- 
jects not previously exposed to inescapable 
shocks. Maier and Seligman conclude after 
_ceviewing these studies: 


The incompatible motor response hypotheses can- 
not handle these data. It is difficult to conceive 
of a motor response that would interfere with FR- 

shuttling when there is no shock interruption, 
Dut not when there is. Similarly, what motor re- 
Sponse could be incompatible with FR-1 shuttling 
f there is a short delay in shock termination but 
Not incompatible when there is no delay? (p. 25) 


The two-process model can explain these 
lata in the following manner, In Maier and 
€sta’s first experiment, rats learned the 
FR-2 shuttling if a l-sec interruption oc- 
"Utred on each trial after the first crossing 
the imposed FR-2 escape contingency. 
€ issue of why rats failed to learn on 


ordinary FR-2 shuttling procedures needs to 
be discussed first. Three possible explana- 
tions can be advanced. First, the escape re- 
sponse topography required by the FR-2 
procedure is more unlike the topography of 
responding elicited by the unconditioned ef- 
fects of shock. Although this statement is 
true for both inescapable and corresponding 
controls, as previously discussed, inescapable 
subjects are expected to generate initially a 
more limited range and frequency of activity 
response when compared with the controls. 
Furthermore, the inescapable subjects have 
a previously reinforced history of remaining 
immobile in the presence of shock and, if a 
difficult response topography represents the 
requirement for learning, the probability of 
activity being elicited decreases with each 
trial on which activity is not directly rein- 
forced. Second, FR-2 schedules result in a 
greater per trial shock duration period when 
compared with an FR-1 schedule. Under 
an FR-2 schedule, the time span from onset 
of escaping and termination of the response 
is at least twice as long as required by an 
FR-1 schedule. Thus, the increased dura- 
tion required for the response results in a 
delay in reinforcement effect (pain reduc- 
tion). This delay weakens the transfer of 
habit strength to the start phase of the 
escape response chain. For inescapable sub- 
jects, the lack of a strengthening effect at the 
start of the escape chain will increase the 
likelihood of the immobility habit being re- 
instated to the shock stimuli. And third, 
longer shock durations could conceivably re- 
sult in a punishment effect of escape respond- 
ing, especially if the nature of the escape 
response class or shock parameters result in 
multiple onsets of shock. 

Returning to the discussion of Experiment 
1 of Maier and Testa (1975), the 1-sec shock 
delay period in effect provides for the ines- 
capable subjects more immediate reinforce- 
ment of pain reduction like that which occurs 
in the FR-1 schedule. Two responses are 
involved instead of one. Shock offset at this 
point also can serve as a signal for decreased 
activity as discussed earlier for inescapable 
subjects. This latter effect is expected to 
exist especially when rats are used as sub- 
jects. The process of becoming inactive is 
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quickly punished by the return of shock onset 
which in turn increases the probability that 
shock onset will elicit escape activity. Again, 
the second escape response is quickly fol- 
lowed by another reduction in pain which in 
turn provides another strengthening effect 
of escape responding. 

The interpretation of Maier and Testa’s 
second experiment should be apparent from 
the analysis of their first experiment. It will 
be recalled they reported that a delay in 
shock termination as short as 1 sec severely 
retarded the acquisition of FR-1 shuttle box 
escape in rats previously exposed to inescap- 
able shock. Actually they manipulated three 
time delays, 0, 1, and 3 sec. Thirty FR-1 
escape/avoidance trials with 0 delay pre- 
ceded the introduction of the three delay 
periods. A control of inescapable subjects 
was also included in the design for the effects 
of extra shocks received during the delay 
procedures. For the control subjects, a 
barrier was introduced to block responding. 
Ten inescapable shock trials were then 
administered which essentially controlled 
for the average per trial duration effect ob- 
tained for the 3-sec delay inescapable group. 
The tenth trial was followed by a 0-зес de- 
lay FR-1 schedule, 

First, the introduction of a 1 or 3 sec 
shock-termination delay requires the learning 
of a new, although similar, response topog- 
raphy created by the increased shock dura- 
tion. Second, pain reduction reinforcement 
effects are delayed (and possibly punished) 
because of the increase in shock duration. 
Both factors should result in weakening the 
Tesponse strength accrued to those response 
patterns required to initiate the escape re- 
sponse. The weakening effect differentially 
Increases the probability for inescapable sub- 
jects to revert back to the immobility re- 
sponse. The effect should be strongest for 
the 3-sec delay condition, The shock dura- 
tion control group is not relevant to this 
analysis since subject did not have the op- 
portunity to continue escaping during the 
control period, The results were as ex. 

pected. The 3-sec group differed reliably from 
all conditions, Inescapable groups 0, 1, and 
control did not differ from each other but 


responded more slowly than the groups no 
previously exposed to inescapable shock. 
3. The next set of studies to be discussi 
involves the basic finding reported by E 
man and Maier (1967) that prior expose 
to controllable shock immunizes the ота 
ism against the deleterious effects of E. 
posure to uncontrollable aversive events. E 
design consisted of three phases: (а) sho 3 
escape training, (D) inescapable shock A 
posure and (c) shock-escape training. ve 
cording to the two-process model, the D 
design is more likely to produce escape a 
ing in Phase с as a function of response С the 
similarity between Phases a and c. а age 
original learned helplessness design, de 
а is not presented and the effects of a, 
tend to produce a response class incomp i 
ible with Phase с. The transfer effects BS 
b inhibit learning in с. But when ше 
is added, two effects аге possible. ee 
Phase a may transfer its effect to b, d 
ing the probability that incompatible respo*; 
topographies will develop in b. Secon е 
incompatible response habits are indep d 
dently learned in Phases a and b, the СО! 
bined effects of both habits (a — b) show ; 
transfer to c lessening the likelihood of ° 
decrement in learning c. \ 
Aware of the above possible interpretatio" 
Maier and Seligman report (pp. 25-26) 5 
unpublished study by Maier and Rhoat 
These investigators attempted to produce í 
ferent response topographies in phases | 
and c. The escape response in Phase 4 ; д 
volved wheel turning while the escape ttle 
sponse in Phase c involved FR-2 sh" 


Я P = elig- 
responding. According to Maier and 5 | 
тап: | 

а 
fs да Р urn м 
It is difficult to argue that learning to t 5 


small wheel with the paws in a улесш! ox: 
directly strengthens running in a аш hav? 
This wheel-turn escape training should no 
an immunizing effect, but it does. (p. 26) | 


- 
uon | selg 
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of Seligman and Maier (1967). However, 
Phase a in both studies involves gross bodily 
motor activity. The subtractive or inter- 
active effects (activity or inactivity) of 
Phases a and b in the Maier and Rhoades 
study should still produce ай effect оп с. 
The resulting effect should be an increase in 
the frequency and range activity produced in 
с by subjects exposed to Phases a and b 
when compared to subjects exposed to Phase 
b in the absence of a. By increasing the 
activity level of subjects receiving an in- 
escapable pretreatment, the probability of 
escaping also increases. 

4, The next section deals with studies 
that directly attempt to develop escape pat- 
terns that are incompatible with the escape 
response to be learned. Maier and Selig- 
man discuss (pp. 21-22) one such study 
conducted by Bracewell and Black (1974). 
These investigators explicitly punished 
movement by arranging a positive correla- 
tion between movement and shock intensity. 
The procedure produced a retardation in 
subsequent shuttle box acquisition. Maier 
and Seligman perceptively criticize the 
Bracewell and Black (1974) study by noting 
that the explicit punishment in the Brace- 
well and Black experiment led to a much 
smaller escape acquisition. decrement than 
did inescapable shock delivered to restrained 
subjects. "The two-process theory can ac- 
count for these findings but admittedly the 
explanation offered is post hoc. Direct 
punishment by the experimenter of move- 
ment responses should result in a reliably 
faster suppression of activity responses 
when compared to subjects exposed to a 
yoked inescapable shock condition. Once 
immobility is under the control of pain-re- 
duction reinforcement effects. The likeli- 
hood of additional activity responses occur- 
ring is progressively lower. Because of the 
lack of a systematic manipulated contingency 
effect, the immobility response for subjects 
exposed to the yoked inescapable shock 
condition is not expected to come under 
reinforcement control until after a relatively 
large number of trials. Thus, yoked in- 
fscapable shock subjects should initially 


Produce a greater variety of response topog- 


raphies involving movement. If, as Brace- 
well and Black suggested, the developing 
immobility response does result in an inhibi- 
tion of activity movement, in the learned 
helplessness group, the inhibition process 
will.effect a greater variety of movement 
topographies, which should in turn result in 
a stronger learned helplessness effect. 

Maier (1970) applied a different strategy 
for conditioning incompatible response tend- 
епсіеѕ One group of dogs was trained to 
escape shock by inhibiting head movements 
elicited by shock. A second group received 
yoked inescapable shocks and a third group 
received no pretreatment. As Maier and 
Seligman point out (pp. 26-27), if inescapable 
shock produces a learned helplessness effect 
because it induces freezing or leads to the 
punishment of movement, then the group 
taught to inhibit movement as a means of 
escaping shock should subsequently escape 
at least as poorly as the group given inescap- 
able shock. The results indicated that the 
incompatible response group was indeed 
slow to learn shuttling but all dogs in this 
group eventually learned. In contrast, half 
of the subjects in the inescapable group 
failed to learn the escape response. The no- 
treatment group learned the response readily. 

"The two-process theory is not concerned 
with the inhibiting of head movements when 
the shock was applied to the paws of the 
dogs in both phases of the study. It is pos- 
sible that by training dogs to inhibit head 
movements, gross bodily movement will be 
markedly reduced when compared with that 
of inescapable subjects. Interestingly, dur- 
ing this phase, shock electrodes were firmly 
attached to pads of the subject's hind paws. 
Shock onset might well have elicited a well- 
defined "recoil" effect of the hind paws 
similar to the movement responses initially 
involved in jumping behavior. If this were 
the case, the response class under considera- 
tion would become strengthened by pain re- 
duction. Because dogs in this group con- 
tolled shock duration effect by escaping, one 
would expect this response class to be de- 
fined better than that obtained in the in- 
escapable groups. The latter occurs because 
shock duration was not under response con- 
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trol allowing for a greater variety of re- 
sponse classes to develop and subsequently 
be punished. Since the shuttle box escape 
response was defined as jumping over a 
shoulder-high barrier, the hind-paw move- 
ments conditioned earlier may have pro- 
duced a greater facilitatory effect for the re- 
sponse-contingent group when compared 
with the inescapable groups. Since the 
movement activity was not directly mea- 
sured, the above hypothesis will have to be 
subjected to further experimentation. 

The final study to be considered under 
this section involved administration of cu- 
rare during exposure to inescapable shock. 
Overmier and Seligman (1967) reported 
that, after following such a procedure, ani- 
mals still produced the learned helplessness 
effect. Maier and Seligman argue (pp. 27— 
28) that this experiment is a direct discon- 
firmation of the Bracewell and Black motor 
hypothesis. For these data to effect the 
two-process theory, Overmier and Seligman 
would have had to show that no electro- 
myogram (EMG) responses occurred to the 
area being shocked. As Black (1971) noted, 
EMG responses can occur during curariza- 
tion depending upon the method of admin- 
istration and other related factors, 

5. Finally, Maier and Seligman criticize 
(p. 28) motor response theories by stating 
correctly that they have difficulty dealing 
with situations that do not employ electric 
Shocks or other noxious unconditioned stim- 
uli. They particularly note the appetitive 
analogues in animals or the learned helpless- 
ness effect in the human subjects which are 
induced by exposure to loud noises, These 


comments also apply to the model under 
consideration. 


The above type of criticism is believed un- 
fair. Incompatable motor theories were 
developed to be applied to certain types of 
data. They were never presented as a gen- 
eral model of behavior, As Maier and 
Seligman themselves stress (p. 13), learned 
helplessness effects with appetitive analogues 
are subject to alternative explanation. This 
is believed also to be true for the human data 
presented. An extension of an Amsel frus- 
tration-type model to the human helpless- 
ness literature may prove to be a worthwhile 


endeavor. Studies like that of Glass and 
Singer (1972) cited by Maier and Seligman 
(p. 18) as supporting learned helplessness 
theory can more easily be interpreted by ap- 
pealing to motivational variables such as 
those produced by demand characteristics. 

It should not be construed from the above 
that the human data provided by Maier and 
Seligman are not important for the support 
of their theory. On the contrary the out- 
growth of human experimentation on this 
topic is one of the most important contribu- 
tions of the learned helplessness position. 
This writer's real interests are in these data 
and especially their importance for clinical 
application. However, comments on this 
area must serve the topic of another article. 

In closing, it should again be noted that 
the critical stance adopted by this writer 15 
not intended to attenuate the importance of 
the learned helplessness position. Many of 
the criticisms offered can be applied easily to 
the competing S-R positions. My purpose 
is to heighten the controversy so that both 
S-R and cognitive theorists will attend tO 
their model's weaknesses. Clearly, the help- 
lessness theory is in its infancy and needs 
time for development. Resolution of the 
helplessness controversy is believed to have 
important implications for the field of psy- 
chology well beyond the subject matter cur- 
rently under discussion. 'The theory which 
becomes the most explicit in terms of opera- 
tional specificity and predictive power, in the 
last analysis, probably will be the theory that 
loses. But at the same time, it probably wi 
be the theory which is most responsible ir 
advancing the field of psychology. 
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processes. (c) Feedback together wi 
more successful alpha control than eit 
occipital alpha strength are not inv. 
in fact, if a Person is not led to 
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Ever since Joe Kamiya announced in 1962 
that his research participants were able to 
discriminate the presence and absence of the 
occipital alpha rhythm (8 to 13 Hz) in their 
electroencephalograms (EEGs), and that 
they could learn to suppress and enhance the 
amount of alpha when receiving continuous 
feedback information concerning their recent 
brain wave activity, there has been much 
controversy over the following points: (a) 
What are the strategies used by persons to 
achieve “alpha control”? How is it that 
these strategies result in alpha control? 
Which strategies are more efficacious, and 
why? (b) Are there any mood states or 
states of consciousness that are invariably or 
reliably associated with the suppression and/ 
or enhancement of occipital alpha activity? 
If so, which ones, and how can we explicate 
such a relationship between psychological 
state and physiological process? (с) To 
what extent does physiological feedback itself 
contribute to the learning of alpha control 
when research participants are also in- 
structed in an alpha control strategy? And 
(d) what measures constitute an adequate 
and reliable evaluation of the acquisition of 
alpha control, in the first place? 

This article will begin with a review of 
the concepts and empirical findings that bear 
upon the above four issues. 


Occipital Alpha Control Strategies 

In reviewing the literature, we can sepa- 
rate into five categories the types of stra- 
tegies that research participants and theorists 
have claimed to be instrumental in the self- 
control of the occipital alpha rhythm, These 
are strategies concerned with (a) attention, 
(b) the oculomotor system, (c) the degree 
of arousal, (d) somatic processes other than 
the oculomotor system, and (e) cognition/ 
emotion. 


Attention 


Sometimes it is claimed that the strength 
ОЁ the occipital alpha rhythm is suppressed 
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by increased attention and enhanced by de- 
creased attention. For example, Lynch and 
Paskewitz (1971) suggest that 


alpha activity occurs in the feedback situation 
when an individual ceases to pay attention to any 
of a number of stimuli which normally block this 
activity. These stimuli may be cognitive, somatic, 
emotional, or anything, in fact, which will lead to 
alpha blocking. (р. 213) 


It has long been known that ongoing alpha 
activity will usually block when an awake 
individual is presented, for the first time, 
with almost any type of environmental stim- 
uli (Adrian & Mathews, 1934; Berger, 
1930). Other researchers have noted a re- 
duction in alpha activity during the perform- 
ance of a mental task (Chapman, Arming- 
ton, & Bragdon, 1962; Glass, 1964, 1967; 
Lorens & Darrow, 1962). However, alpha 
enhancement has been noted during pro- 
longed visual attention sets (Williams, 
1940), and there are many situations in 
which stimulus-induced alpha enhancement 
has been observed (Morrell, 1966). It turns 
out that the term attention is quite ambig- 
uous. Mulholland and Runnals (1962), 
who also noted increases in alpha during in- 
creased "attention," concluded that 


the term attention can refer to neither a qualita- 
tively consistent behavioral nor neurophysiological 
entity and that the classical and íamiliar alpha- 
attention hypothesis [decreased alpha with in- 
creased attention] refers to a special case, ie. 
transitory alerting to an external signal. (p. 329) 


This line of reasoning is supported by sev- 
eral biofeedback studies which have noted 
that alpha can be enhanced while a person 
maintains constant "attention" (Brown, 
1970; Dewan, 1967; Mulholland, 1968; 
Peper, 1970). For example, when Mulhol- 
land (1968) was his own subject, he could 
easily maintain alpha even when alpha 
turned on a high-information auditory feed- 
back (a radio program) presented over ear- 
phones. 

It now appears that the alpha blockage 
that accompanies the "transitory alerting to 
an external signal" (ie., the orienting re- 
sponse) is a function of oculomotor activity 
(Mulholland & Evans, 1966; see below). 
That is, alpha is often blocked when a per- 
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son “pays attention” to a stimulus (pre- 
sented to any modality) because oculomotor 
activity (e.g., eye-positioning movements) is 
often an "automatic" component of the gen- 
eral orienting response (Zickmund, 1969), 
and oculomotor functioning leads to alpha 
blockage. However, "paying attention" has 
no effect on alpha levels when the oculo- 
motor system is nonoperative. Mulholland 
and Evans conclude: 


A search of most of the literature concerning hu- 
man "attention" and the EEG does not reveal any 
experiment in which oculomotor íunctions have 
been excluded as a cause oí the EEG phenomenon 
supposed to be associated with "attention", . . if 
there is any effect of "attention," it is on oculo- 
motor functions which in turn cause a modification 
of the alpha-activation cycle. (p. 1279) 


The Oculomotor System 


The close association between vision and 
the occipital alpha rhythm has been recog- 
nized for quite some time (Adrian, 1943; 
‚ Adrian & Mathews, 1934; Berger, 1930; 
Durup & Fessard, 1935). In almost all per- 
sons, alpha strength when the eyes are closed 
is significantly greater than when the eyes 
are open (eg, Brown, 1970: Lindsley, 
1960 ; Kamiya, Note 1). Furthermore, 
Nowlis and Kamiya (1970), Peper (1970), 
and Paskewitz and Orne (1973) have noted 
that the learning of alpha control is consider- 
ably easier with eyes open in a lighted room 
than with eyes closed or in à dark room. 
For example, Paskewitz and Orne found no 
increases in alpha strength across 60 trials 
when auditory feedback was presented to 
individuals in total darkness (with their 
eyes open). However, a second group run 
under the same conditions with a mere addi- 
tion of low-level ambient light did show 
“lawful increases in alpha densities." Fur- 
thermore, the original group, who failed to 
show increases in total darkness, also in- 
creased densities in the presence of light 
Peper (1970) hypothesized that individuals 
learn to “look” to suppress alpha and to "not 
look" to enhance it. This is much more 
difficult in the dark since there 
from the environment as to w 
you are looking. 


are nO cues 
hether or not 


Extreme eye position has also been im- 
plicated as a means of enhancing alpha ac- 
tivity (Dewan, 1967; Mulholland, 1968). | 
In Dewan's study, his research participants 
could quite successfully increase alpha by 
turning their eyes to an extreme ара и | 
position. To suppress alpha, they ait 
opened their eyes and fixated on a nearby 
object or else kept their eyes closed any 
fixated them on an imaginary point in £ 
of the eyes. However, when Dewan ke 
his own subject, he found that mere €. | 
did not result in alpha activity if he a | 
focused and converged his еуез in that pos 
tion; accommodation and convergence e 
to be avoided to prevent blocking respon d 
This observation allows us to unders 
Fenwick’s (1966) and Budzynski’s (19 to 
findings that some persons' alpha activity 
not significantly related to eye position. 
also resolves the suggested paradox "m 
Kamiya's (Note 2) observation that perso" 
can control alpha with the eyes in either $ 
up or a down position, and of Bro a 
(1970) report that her subjects could аў 
hance alpha with eyes open and without © 
movements. t ed 

Research by Pollen (Note 3) sugges g 
that efferent oculomotor functions — 5D 5r 
cally, neural commands for accommot н 
—play an important role in the block! the 
the alpha rhythm. Pollen inactivate“ 
accommodation system with a drug а" 
up an artificial lens system to accomm? uce 
for the subject, who was able to Ро ау 
alpha while reading text, which no. о. 
blocks this activity, supposedly due 
commodation, аќ 

However, it could not be the Са5° ү; 
efferent commands for accommodation” . ce 
the only factor in alpha Москав; пе 
Dewan (1967) had reported that wh om 
employed a drug which prevents P ЫШЫ 
modation, there was no effect оп the * аїр?“ 
of a research participant to control sted 
rhythm. Mulholland (1968) also eP од 
evidence that it must be more than ock”? 
modation that is involved in alpha ? о 
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the alpha rhythm: pursuit tracking move- 
ments, convergence movements, and lens ac- 
commodation. Mulholland referred to these 
three processes together as constituting the 
“eye-positioning control system,” and sug- 
gested that while any one of these processes 
were active, the eye-positioning control sys- 
tem would be active to some extent, and 
therefore the alpha rhythm would be sup- 
pressed. To test this hypothesis, Mulholland 
had his research participants look at a sta- 
tionary or moving target under conditions 
of (a) tracking the target with focused ac- 
commodation; (b) tracking with relaxed 
accommodation (blur tracking); and (c) 
no tracking with relaxed accommodation 
(blur no-tracking). He found most alpha 
during blur no-tracking, intermediate levels 
for blur tracking, and least during focused 
tracking. This result seemed to represent 
a series of conditions which have decreasing 
amounts of eye-positioning control, thereby 
confirming the hypothesis. 

Peper (1970) also reported several elegant 
demonstrations of the role of oculomotor 
processes in alpha blockage and activation. 
In one experiment, he had persons attempt 
to track a moving target, the visibility of 
which was controlled by the presence or 
absence of the individual's alpha activity. 
When the feedback loop was set up so that 
the target appeared only during alpha, 
regenerative feedback developed in which 
there was a constant oscillation between 
alpha and no-alpha, demonstrating that 
whenever the person began to track, his 
alpha desynchronized. On the other hand, 
when the loop was set up so that the target 
only appeared during no-alpha, a runaway 
positive feedback system developed in which 
as soon as the alpha spontaneously desyn- 
chronized, the target would appear and the 
person would keep alpha off as long as he 
continuously tracked the target. As soon as 
his attention. to tracking wavered, alpha 
Would appear, the target would disappear, 
and the person had to motivate himself to 
track again. These findings strongly sug- 
Sest that efferent oculomotor commands 


Cause desynchrony. 


Mulholland and Peper (1971) concluded 
that 


the most general hypothesis to account for the 
results reported here is that the combined proc- 
esses of pursuit tracking, convergence, and lens 
accommodation will reliably block or markedly 
attenuate the alpha rhythm. Changes in any of 
these visual processes, however, which are not 
integrated with changes in the others їп a way that 
optimizes vision are not necessarily associated with 
recordable decreases in the alpha rhythm; eg. 
extreme ocular deviation may be associated with 
abundant alpha . . . . The reason that relation- 
ships between visual control processes and the 
parietal-occipital EEG are general—not specific—is 
straightforward. Visual control processes are oc- 
curring extensively in the parietal-occipital cor- 
tex. Because of the gross nature of EEG only 
extensive, large-scale changes of cortical activity 
associated with extensive visual processes can be 
recorded. On this level of observation there are 
reliable correlations between changes in visual con- 
trol processes and the parietal-occipital EEG. .. . 
[Thus] autoregulation of the alpha rhythm by 
alpha feedback training is likely to be mediated 
by learned control of oculomotor and lens adjust- 
ment processes. However, the learner may not be 
aware of the mediating process. (pp. 573-574) 


In addition to the studies cited above that 
demonstrate the relation between oculomotor 
functions and the alpha-activation cycle, 
there is some neurophysiological evidence 
that is quite consistent with this interpreta- 
tion. Most obviously significant is that the 
oculomotor system has extensive representa- 
tions in Brain Regions 17, 18, and 19, which 
include the parietal and occipital cortex 
(Robinson, 1968), the sites from which the 
EEG is recorded during almost all alpha 
feedback research. Also, the oculomotor 
pathway is located in the same zone of the 
brainstem tegmentum as the reticular ac- 
tivating system, and stimulation that can 
cause cortical desynchronization also causes 
alterations in eye movements (Bender & 
Shanzer, 1964). 

In conclusion, there is very little doubt 
that there are some very close links between 
the occipital alpha rhythm and oculomotor 
processes. However, the important issue 
here is whether or not there are universally 
effective methods of controlling alpha 
strength that are independent of—or co- 
extensive with—oculomotor processes. For 
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example, Peper (1971) has suggested that 
oculomotor commands may be just a pre- 
condition for enhanced alpha levels. This 
possibility and others will be considered fur- 
ther at the end of this section on alpha con- 
trol strategies. 


Degree of Arousal 


Many researchers have suggested that the 
strength of occipital alpha is a function of 
the level of arousal. This relationship is 
generally formulated by saying that alpha 
activity will be diminished if a person either 
becomes too aroused or too drowsy. Alpha 
appears to be maximal at an intermediate 
arousal level (Lindsley, 1956), namely, “re- 
laxed wakefulness,” 

In order to adequately understand the con- 
nection between alpha and arousal, we must 
first take a closer look at these two terms. 

The alpha rhythm is a synchronous brain 
wave with a somewhat arbitrarily defined 
frequency band of 8 to 13 Hz. There are 
at least two dimensions along which brain 
rhythms may be said to vary. The first 
may be called strength and roughly refers to 
the amplitude of the brain wave activity, 

he second is the frequency of the rhythm, 

As the amplitude of the alpha rhythm de- 
creases, we may speak of a continuous di- 
minishing of alpha strength until there is no 
longer a synchronous rhythm within the 
alpha frequency band, at which point we de- 
scribe the brain wave activity as beta—non- 
synchronous, mixed-frequenc » low-ampli- 
tude brain waves, However, as the fre- 
quency of the alpha rhythm decreases the 
strength. (amplitude) of alpha does. not 
necessarily change, unti] the frequency falls 
below 8 cycles Der second at which point 
we no longer speak of any alpha activity or 
any alpha strength, hen we say that 
alpha has disappeared, we may mean that 
it has been succeeded by either bet е 
or theta waves (4 to 8 Hz) 
different phenomena. 

Tn the Previous section on the oculomotor 
system, when “alpha blocking” was spoken 
of, we were referring to decreases in the 
strength of the synchronous alpha rhythm 
resulting in the appearance of nonsynchro.. 


So w 


а waves 
‚ Which are two 


nous beta activity. On the other hand, 
when people speak of the connection be- 
tween alpha and arousal, they are most 
often referring to decreases in brain wave 
frequency that accompany changes in arousal 
along the sleep-wakefulness continuum. For 
instance, when a person is asleep or drowsy 
we usually find that his dominant brain у 
frequency is somewhere between 1 and 
cycles per second. On the other hand, d 
the person is wide awake, we usually fin 
either the high-voltage alpha rhythm or the 
low-voltage beta activity with randomly 
mixed frequencies, mostly above 13 Hz. | 
The problem arises when theorists Em 
ate alpha with “relaxed wakefulness” an 
beta with “hyperarousal.” Making such an 
association seems to confuse two types в. 
“arousal.” We may call these behaviora 
arousal and oculomotor arousal. Behavior? 
arousal refers to the sleep-wakefulness 
continuum, which is associated with chang? 
in the dominant brain wave frequency, whi р 
oculomotor arousal refers to an activatio” 
of the oculomotor system which is a 
ated with changes in the strength (amp 
tude) of the alpha rhythm with the low 
limit being nonsynchronous beta activity: 


fos o3 

By combining what we know about вй 
motor research and sleep research, we,“ 

Say that occipital к, 


s a 
à alpha is maximal n 
Siven individual when behavioral arous@ 
maximal ( 


awake) and oculomotor - 
minimal (no oculomotor processing) ; e 
occipita] alpha Strength decreases vn 
oculomotor arousal increases, until the er 
Wave activity desynchronizes. Many 
searchers have spoken of increases 1 а 
havioral arousal (viz, “hyperarousal ctl 
associated with alpha desynchroniza, ha 
Towever, 


at аїр" 
we now understand that -iated 


desynchronization is primarily assoc а 
with oculomotor activation, often as а aai) 
of an orienting response, whether ge 3 
Or involuntary, Furthermore, alpha oto 
chronization is associated with oculom, o 
activation. whether or not the persos e 
Схрегіепсеѕ a concomitant increase ™ pat 
havioral arousal. Thus, the hypothest? for 
hyperarousal is an effective om“ a 
alpha suppression may, in effect, be T 
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_ to one aspect of the previously presented 
oculomotor hypothesis. 

On the other hand, it seems that “be- 
coming drowsy,” which is not necessarily 
associated with changes in relevant oculo- 
motor processes, is an effective strategy for 
alpha suppression, since the dominant brain 
wave frequency falls below the alpha band 
as a person begins to fall asleep. This cor- 
responds to the findings of Peper and Mul- 
holland (1970) who reported that some of 
their subjects became drowsy in order to 
Suppress alpha, and became tense or alert 
to increase it. However, it is important 
to note that in Peper and Mulholland's study, 
the research participants sat in totally dark 
rooms with their eyes closed. In such a 
Situation, it is relatively easy to become 
sleepy or drowsy and thereby to decrease 
predominant brain wave frequency, which 
eventually would be read by an alpha wave 
monitor as “decreased alpha.” However, 
reports of becoming drowsy to suppress 
alpha are very infrequent in studies in which 
participants’ eyes are kept open (regardless 
of the presence of light in the room). Thus, 
although arousal level reduction (drowsi- 
ness) is a potential factor in alpha suppres- 
sion, this variable can be eliminated (and is 
eliminated in the present research) by in- 
structing research participants to keep their 
eves open. Moreover, since it has been seen 
that the hyperarousal hypothesis may be re- 
duced to one aspect of the oculomotor hy- 
pothesis, we are in the position to ignore 
the degree of arousal as a likely alpha con- 
trol strategy in the research to be presented 
here. 


Somatic Processes 


Next we may consider whether there are 
somatic systems (other than the oculomotor 
System) involved in the mediation of alpha 
activity in the feedback situation. This pos- 
sibility arises since changes in respiration 
Tate, tidal volume, О» consumption, CO» 
elimination, arterial blood pH, blood lactate 
Concentration and skin resistance have been 
reported to accompany the occurrence of 
More alpha activity during meditative states 
(Bagchi & Wenger, 1971; Kasamatsu & 


Hirai, 1969; Wallace & Benson, 1972). 
Watanabe, Shapiro, and Schwartz (1972) 
claim that self-induced anoxia is a major 
factor in the production of alpha waves dur- 
ing meditation. However, studies cited below 
seem to rule out this factor as an explana- 
tion of alpha changes in the feedback situa- 
tion. Moreover, it is quite possible that the 
increased alpha levels during anoxia, as well 
as meditation, are due to decreased oculo- 
motor processing. Watanabe et al. them- 
selves noted that “impairment of visual 
functioning occurs in both anoxia and medi- 
tation"! 

At any rate, there has been some research 
directly relevant to the question of somatic 
mediation in the alpha feedback situation. 
Nowlis and Kamiya (1970) asked five of 
their research participants who were partic- 
ularly successful in learning control over al- 
pha to increase and decrease alpha while their 
heart rate, blood pressure, breathing, and 
galvanic skin response were being moni- 
tored. No striking relationships were found 
between alpha and these other measures. 
Beatty and Kornfeld (1972) recorded heart 
and respiration rates while 14 persons were 
trained to produce occipital alpha and beta 
frequency activity differentially. These in- 
dividuals showed discriminant control of the 
EEG frequencies, but no significant changes 
were found in either heart or respiratory 
systems. Also, in a study investigating alpha 
and heart rate control, Schwartz, Shaw, and 
Shapiro (1972) concluded that the mech- 
anisms of alpha and heart rate control are 
different. 

In sum, there is no evidence to date that 
somatic processes other than oculomotor 
functions serve as mediators of the self- 
control of occipital alpha. 


Cognition/ Emotion 


The most exciting and controversial as- 
pect of the self-control of occipital alpha has 
centered around the claim that persons learn 
to manipulate their state of consciousness or 
mood state when learning to enhance and 
suppress the occipital alpha rhythm. Tt has 
been proposed that cortical alpha activity is 
related to a psychological state very similar 
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to that which occurs during Zen or Yoga 
meditation, and that individuals in the alpha 

ack situation learn to produce this state 
ien 1970, 1971; Kamiya, 1968, 1969). 
In Brown's (1970) study, in which the 
participants' task was only to increase alpha 
by means of visual feedback (eyes open), 
the most popular control strategy was “соп- 
centrating, or mental imagery.” Also re- 
ported were "feeling relaxed by the experi- 
ence” and “actively attempting to relax.” 
In the eyes-closed condition of Nowlis and 
Kamiya’s (1970) study, the following meth- 
ods of sustaining alpha were reported (in 
order of decreasing popularity) : relaxation, 
awareness of inhalations and exhalations, 
letting go, floating, feelings of pleasure and 
security, sensual warmth, not focusing, and 
awareness “in back.” To keep alpha off, 
the tactics were the following: being alert 
and vigilant, tension and agitation, attitude 
of “holding on,” and imagining seeing the 
room. Brown's (1971) reported methods 
for increasing alpha were mostly consistent 
with those listed above: in addition were 
Teports of “increased awareness of thoughts 
and feelings” and “reviewing personal ex- 
perience,” Kamiya (1968) reported that 
his research participants increased alpha by 
developing a “noncritical” attitude about the 
external environment, in general, and the 
experiment in particular ; they calmed their 
minds, relaxed their mental apparatus, 
Stopped thinking about the outside world 


and just let themselves be “carried along 
by the tone,” 


of cognitive/emo- 
pha control (hence- 


terred to as simply С ognitive strate- 
gies) will be included in the following sec- 
tions of the introduction, 


Summary 


The two strate: 
to be employed 
cipital alpha are 
Oculomotor 


gies that seem most likely 
in the self-control of ос- 
the ones T have called the 


ategies, At 


ttl st supported hy- 
pothesis is the Oculomotor hypothesis, which 


claims that a person in an occipital alpha 
feedback experiment learns to control oculo- 


motor functions which can facilitate or E. 
hibit the occurrence of alpha in the оссїр! 
EEG. Also still viable is the Cognit 
hypothesis which claims that occipital alpha 
can be controlled by means of voluntary 
changes in one’s state of consciousness i 
mood state. The major possibility to coag 
sider here is that there are certain Coen 
tive strategies of alpha control that are 
dependent of Oculomotor strategies. E 
haps relaxation of the oculomotor sys К 
which allows for initial alpha b Ni H 
is a precondition for the attainment p. 
certain altered state of consciousness e. 
"alpha experience") which is associated Ms 
even greater enhancement of the E. 
rhythm (Peper, 1971). Perhaps if геси 
participants are instructed in the appropr A 
Cognitive strategy to use—instructions ba F 
on the literature and pilot studies—they M. 
be able to control the occipital alpha тун 
more successfully than persons who — 
no instructions or even persons instruc É 
in the Oculomotor strategy, It would Ji in 
particular interest if persons Seti. ia 
this Cognitive strategy could generate à Wi 
strength significantly higher than pers in- 
in the other conditions, and could do 50 07 
dependently of changes in the oculomo 
System. 


ac^ 
Althou 


gh oculomotor relaxation and en- 
tivation may be an efficient means for re- 
hancing and suppressing alpha activity - 
spectively, the alpha levels seen under ing” 
hance” conditions when the “nonlool ea 
strategy is employed have rarely geet 

above those seen when a person S! ske- 
closes his eyes and relaxes (Lynch & Pas* 


witz, 1972). However, perhaps those р 


ra 

: ene!“ 

sons who are able to achieve a mote f eni 
and widespread relaxation of the d 


will be able to enhance alpha levels * 
nificantly above eyes-closed levels. 
In sum, the question of primary 1 ШУ 
now concerns the relation of the CoR i d 
Strategy to the control of the alpha pa аг 
The fact that oculomotor functions A а 
important role in the даб | е 
tenuation of alpha has been establish 


iere? 
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yond question. Therefore, it is now in order 
to ask what are the possible states of affairs 
concerning the relation between the Oculo- 
motor and Cognitive strategies of alpha 
control. These are listed below. Please 
note that “universal” is meant to be read as 
“for nearly all physiologically intact human 
adults.” 


1. There are no universal Cognitive strat- 
egies (at least in the form used in this re- 
search, which are based on those most fre- 
quently reported in the literature) that are 
related to occipital alpha control in a con- 
sistent manner; only certain Oculomotor 
strategies are universal, consistent, and suc- 
cessful, 

2. There are both certain Cognitive and 
certain Oculomotor strategies that are uni- 
versal, consistent, and successful in pro- 
ducing occipital alpha strength changes, but 
Cognitive strategies are effective only to the 
extent that they successfully mediate changes 
in oculomotor functions. 

3. There are both certain Cognitive and 
certain Oculomotor strategies that are uni- 
versal, consistent, and successful in produc- 
ing alpha strength changes, and they are 
relatively independent of each other. 

One of the major motivations for con- 
ducting the research presented in this article 
was to gather data that would allow us to 
decide among these three hypotheses. 


Occipital Alpha and States of Consciousness 


The aspect of alpha feedback training that 
has created the greatest general interest is 
the popular belief that this training induces 
a quasi-meditational state of consciousness, 
known as the “alpha state” or the “alpha 
experience,” by increasing the strength of 
the EEG alpha rhythm. Frequently cited in 
Support of this view is the fact that the 
EEGs of Yoga students, Zen masters, and 
American meditation students often show in- 
creased alpha strength during meditation 
(Anand, Chhina, & Singh, 1961; Kasamatsu 
& Hirai, 1966; Wallace, 1970). 

, In addition to positing such an associa- 
tion between high alpha strength and the 
alpha state,” researchers have suggested a 


corresponding relationship between the oc- 
currence of beta activity and a “beta” state 
of consciousness. 

Some of the reported subjective states 
associated with changes in alpha strength in 
the feedback situation have already been 
mentioned under the section on Cognitive/ 
Emotional strategies of alpha control. In 
general, it has been widely reported that 
people find that alpha enhancement condi- 
tion to be a pleasant and relaxing experi- 
ence; feelings of bodily lightness, time per- 
ception distortion, mental relaxation, and 
obliviousness to the external environment are 
often reported (Brown, 1970; Kamiya, 1968, 
1969; Nowlis & Kamiya, 1970; Kamiya, 
Note 1; Hart, Note 4). Brown (1970) 
found that persons “who lost awareness of 
all environmental factors except the light, 
or who felt dissolved into the environment 
tended to have higher levels of alpha abund- 
ance” (p. 450). Stoyva (1973) has re- 
ported that feedback training in alpha “gen- 
erally results in a shift away from the think- 
ing of ordinary wakefulness—the subject is 
more immersed in his internal world, feels 
relaxed, is in a nonstriving, ‘letting go’ 
mode” (p. 388). 

Walsh (1974) used the following sub- 
jective dimensions to identify the alpha re- 
lated state: 
transitional state between sleep and complete alert- 
ness; reduced body awareness; relaxation; float- 
ing; lightness; neutral to pleasant emotions; con- 
tent, peaceful, slightly high; thoughts undirected 


or absent; free-flowing thought or thoughtlessness. 
(p. 432) 


In addition, Walsh reported the following 
subjective dimensions to be characteristic 
of the nonalpha-related state: 


either asleep or highly alert; heightened body 
awareness; tension; uncomfortable physical sen- 
sations; unpleasant emotions or emotional excite- 
ment; fear; annoyance, anxiety ; directed thought; 
problem solving; intense concentration. (p. 432) 


However, some observations that have been 
made by almost every EEG-researcher both 
in and out of biofeedback research, suggest 
that there is no simple and direct relation- 
ship between alpha strength and mood states 
or states of consciousness. In almost all 
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persons, there is a striking difference in 
alpha levels between eyes-open and eyes- 
closed-resting conditions. Yet no signifi- 
cant changes in mood or state of conscious- 
ness have been related to simply closing the 
eyes. However, in a previous section, we 
have already discussed the possibility that 
subjective state changes are associated with 
(further) alpha changes independent of 
alpha changes caused by oculomotor altera- 
tions. 

Although consistent relationships have 
often been reported between alpha strength 
and subjective experiences in biofeedback 
experiments, it is important to note that fre- 
quently the experimental setting and pro- 
cedures, the course of the experiment, and 
possible "demand characteristics" (Orne, 
1962) will considerably influence subjective 
reports. Those researchers who have found 
consistent relationships ^ between alpha 
strength and subjective states, have not ade- 
quately controlled for the effects of explicit 
or implicit suggestions to the research par- 
ticipant as to how the "high alpha state" or 
the "beta state" will “feel.” There is also 
the problem that some of the positive affect 
in the situation may be a function of the 
person's feeling of success at the task. Tt is 
possible, then, that the experience of 
alpha state will vary greatly 
uals depending on set, 
tion, expectation, consti 
biases and preferences, 

In sum, although cert 
ports seem to be consisten 


changes in Occipital alpha Strength during 
feedback training, based on the available re- 
search data we cannot rule out special char- 
acteristics of the experimental situation 
which may have influenced the findings 
Therefore, the present research was designed 
to include as investigation of the effects of 
suggestion or “demand ch 


оп « aracteristics" on 
the subjective states Teported during the 
occipital alpha feedback Situation, 


the 
among individ- 
motivation, prepara- 
tution, and personal 


ain subjective re. 
tly associated with 


The Role of Physiological Feedback 


Since the discover 
the self-control of tl 
been assumed th 


y of the phenomena of 
he alpha rhythm, it has 
at physiological feedback 


itself is necessary for people to learn selec- 
tive control of aspects of their EEG. How- 
ever, might there be other ways for € 
to gain such control just as fast and вазу 
without feedback? Does the control pro- 
vided by the operant conditioning of alpha 
activity differ from that obtained by be 
methods for controling neural processes 
For example, does the administration o 
task instructions produce effects similar to 
feedback? If so, what kinds of instruc- 
tions? Ll 

These questions received no explicit e 
pirical investigation until Beatty's п 
study. Beatty reported that his ЖЕ. 
participants were able to systematically 
modify their occipital alpha densities 11 
either of the following two conditions : (a) 
when provided with information giving ы! 
propriate strategies for producing suc 
changes and (b) when given only second-by- 
second feedback about their success in achiev- 
ing the response criteria. Individuals nd 
vided with both prior information and feec 
back were no more successful than those 
given either alone. 

The prior information which Beatty gave 
his research participants is similar to es 
type of cognitive/emotional strategies tha 
were discussed in the previous section. Spe- 
cifically, they were told the following: 


(a) Beta activity is related to the orienting id 
sponse to novel stimuli, sensory or mental atten 
tiveness, tension, aggravation, and frustration. b 

(b) Alpha rhythms are often said to be 2 
sociated with feelings of calriness, pleasant Tee 
tion, and increased inner awareness. ed 
Some naive subjects report very different fecli! 


+ 1а 
States, such as sadness, while producing аїр! 
rhythm. 


" imes 
(c) Relaxation and regular breathing sometim 


facilitate production of alpha waves. (p. 154) 


Since B 


; А " ob- 
eatty's findings raise some О" 
viously se 


rious issues for biofeedback a 
general and for occipital alpha feedback he 
Particular, T decided to reinvestigate Lon 
role of feedback itself under a more e ge 
Sive design, Tt is important to note that t^ 
are actually two issues here: 


. ied 
struct 
1. Can persons who are merely insti 5 


es 
4 ; -ndure incréds 
in alpha control strategies produce inc 
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(or decreases) in alpha strength significantly 
above (or below) resting levels? If so, can 
they accomplish this with both the Oculo- 
motor strategy and with the Cognitive 
strategy or with just one or the other? 

_ 2. Tf the first question is answered affirma- 
tively, are those persons who are merely in- 
formed as to the nature of the task equally 
successful as those who receive feedback or 
both instructions and feedback? 


Measuring the Degree of Acquired Control 


What constitutes a meaningful measure 
of response acquisition (“alpha control") in 
the first place? It has been suggested, for 
instance, that to demonstrate conclusively 
an enhancement of alpha, there must be an 
increase above the level observed during a 
baseline period (Katkin & Murray, 1968). 
(A baseline period is usually one in which 
the individual is told to "rest" and does not 
receive any information feedback on his alpha 
strength.) If alpha levels during enhance 
periods do not rise above the levels during 
baseline periods, must we not conclude that 
any increases across trials in alpha strength 
Were due to spontaneous changes independ- 
ent of any learning due to feedback? This is 
the question that we ask, for example, in 
connection with the results of Kamiya's 
(1969) study, in which he alternated 2$-min 
blocks of enhance alpha, rest, and suppress 
alpha. The “suppress alpha” blocks showed 
à clear downward trend in alpha strength, 
and there was an even more striking increase 
Across trials in the enhance alpha blocks. 

Owever, the resting. "baseline" curve in- 
Creased just as fast as the enhance" curve, 
And was, in fact, slightly higher. No one 
Would doubt that Kamiya's subjects showed 
а discrimination between enhance and sup- 
а conditions, but it is questionable as © 
ae or not it was demonstrated that ws 
же! learned to increase their absolute a pha 

S; interpretation was that 


Kamiya's 
e his research 


p Dascline increased becaus ї І 
Stat Pants much preferred the toneart 
o e” over the “tone-off state” and there- 
this еа in this preferred mode. „Since 
nterpretation is not entirely convincing, 
should adhere to the following two 
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methodological points: (a) alpha enhance- 
ment (or suppression) can only be conclu- 
sively demonstrated in relation to increases 
(or decreases) above (or below) a baseline, 
resting level, and (b) research participants 
should be carefully instructed not to practice 
either their suppress or enhance strategies 
during these baseline periods. 

Another valid criticism has been made to 
those experiments in which only one baseline 
recording is taken at the beginning of the 
session. Almost any initial baseline record- 
ing may be contaminated by apprehensions 
about the forthcoming experiment and other 
such influences (Lynch & Paskewitz, 1971). 
Therefore, baseline measurements should be 
made repeatedly during the course of feed- 
back training in order to control for natural 
changes in baseline levels, and in order to 
adequately determine whether or not (and to 
what extent) persons can show actual in- 
creases or decreases in alpha strength. 

Another difficulty in evaluating alpha con- 
trol centers around the issue of optimal base- 
line levels. For example, Lynch and Pas- 
kewitz (1971) have noted that 


S's can very quickly learn to suppress 
their alpha activity, often within the first trial, 
increases during instructions to augment alpha 
densities are far more difficult to achieve, and 
rise above alpha levels which naturally 
(p. 211) 


although 


rarely 
occur under optimal conditions. 


(“Optimal conditions” are invariably con- 
sidered to be those when an individual is 
awake, relaxed, with eyes closed, or with 
eyes open and no light.) Thus, in order 
to determine whether or not persons in the 
alpha feedback situation can enhance alpha 
above optimal resting levels, the experiment 
must include frequent baseline measurements 
made under “optimal resting conditions." 
This was simply accomplished in the present 
running each research partici- 
pant through a feedback session in which 
the lights were entirely off throughout the 
session, including the frequent rest (base- 
line) periods. 

In order to 
evaluations of t 
there are many V 
into consideration. 


research by 


make reliable and meaningful 
he level of "baseline alpha," 
ariables that must be taken 
These variables can be 
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divided into three classes, depending on 
whether they are (a) fixed at definite values 
that are arbitrary or determined by those 
aspects of the phenomenon that the re 
searcher is interested in investigating, (b) 
fixed at definite values in order to insure 
nonarbitrary, stable baselines, or (c) in- 
dependently varied. In all experimental re- 
ports concerning alpha feedback, for each 
variable that comes under the heading a, 
an associated statement should be included 
which acknowledges the limitations that are 
thereby placed upon the generality of the 
results to the question of the acquisition of 
alpha control. 

I will discuss two a variables first and de- 
scribe how they are specifically dealt with in 
the experiment to be reported here, 

1. This research is concerned with the con- 
trol of the alpha rhythm from the right 
occipital cortex, using a bipolar occipital- 
frontal recording ; the results are not neces- 
sarily relevant to the control of the alpha 
rhythm from any other cortical location, 

2. The Property of the cortical response 
that is displayed is the Strength (voltage) 
of the brain wave activity in the alpha (8 
to 13 Hz) frequency band. This is slightly 
different from Most other experiments in 
the field, which signal that alpha is either 
present or absent, based on some arbitrary 
amplitude criterion of what constitutes 
alpha; with these methods ОЁ sign 
alpha, all waves between 8 ang 13 H. 


gardless of amplitude, 
, the method used in the 
а continuously Varying 

1911—15 Sensitive to 
the alpha rhythm and 
bsence of alpha, "This 
Similar to 
© sensitive to 
and 


aling 


alpha activity, 


it eliminat 
effects.” 


es “ceiling 
Next are the variable 


are 
fixed in such a manner 


> Т as to produce non- 
arbitrary, stable baselines, (a) The modal 
quality which expresses the signal in this 


research is tone intensity, Since the feed- 
back signal is continuous, varying in volume 


5 whose values 


in a smooth manner, the problem of -— 
ing or arousing the research р aa ed 
simple tone-on/tone-off schemes 15 te E 
nated. Thus, the danger of атау ы е- 
ing enhance alpha scores relative to Me 
line level is reduced. (b) The resea 2 
participant's posture is upright, sitting 
comfortable straight-backed chair. This a 
duces the possibility of altered baselines bi 
to drowsiness. (c) The length of the ram E 
and trials is kept moderate so as to ipie 
the likelihood of drowsiness and fatigue 
while still allowing ample time zr n 
(d) Three types of trials are ащы 
Suppress, generate, and rest. All a ae 
equal length in order to insure mr N 
average alpha strength for the goce es 
types will be comparable. (е) Re 
participants are instructed to keep their i. i 
open for all periods regardless of whet d 
the lights are on or not. This reduces t r 
likelihood of drowsiness. (f) Most es 
portantly, in order to insure rum 
baseline scores, research participants are ing 
Ways asked to do anything they like Pee 
the rest periods except to practice jene 
От suppressing imaginary tones, and they ts 
asked to refrain from making large er 
movements, which may disturb the reco! 
ings, 

Finally, there is о! 
vant to stable b 
independently m 


пе variable that is rele 
aseline recordings that h. 
anipulated in this peer 
This is the presence of light in the md 
mental TOOm, which has by far the oe" 
greatest effect on baseline alpha streng 3n 
Therefore, each research participant 15 а 
through two Sessions: one with lights 0 
and one with a low level of ambient ligitan 
With the above procedures, we have ma re 
frequent baseline determinations that ple 
reliable, meaningful, and reasonably sta 
across trials. best 
"There remains the problem of how to The 
operationalize the dependent variable. t 38 
PrOperty of the cortical response a АТ 
measured (alpha strength) has already of à 
discussed, The raw data is in the form ат“ 
Single “absolute alpha” score (average ach 
Plitude in microvolts peak-to-peak) for € 
enhance, Suppress, and rest period. 


lu" —  -— 
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To measure alpha enhancement, we use 
the percent generate success score ("gener- 
ate" and "enhance" are interchangeable), 
which is derived by the following equation: 
(С. — R;) /R, where С = raw score for the 
generate trial, К = raw score for the rest 
period, and i — the trial number. Thus, each 
generate score is directly compared to the 
baseline measurement of the same number, 
which is never more than one period away. 
The percentage (ratio) form allows us to 
correct for the large individual differences in 
alpha strength. 

Similarly, alpha suppression is measured 
by the percent suppress success score, which 
is derived by the following equation: (Ri 
= S)/Ri, where S = raw score for the sup- 
press period. Discrimination is measured 
by (Gi — S:)/Rı Increases and decreases 
relative to optimal baseline levels are mea- 
sured by the percent success scores on those 
sessions during which the lights are off. 


Summary 


The present experiment was designed to 
gather data on the issues corresponding to 
the following questions: 

1. What is the relationship between the 
Oculomotor and Cognitive strategies of oc- 
Cipital alpha control? 

2. Are there any mood states or states of 
Consciousness that are directly associated 
with alpha activity? What effect, if any, do 
demand characteristics have on the reports 
ОЁ experiences during alpha feedback? 

3. To what extent does physiological feed- 
back itself contribute to the learning of alpha 
control ? 


METHOD 


Design 


к The basic design was a 2X 3X 2X 3X 6 mixed 
geri, corresponding to the following independ- 
€ ‚ Variables, respectively: two between-subjects 
Mes (Feedback and Instructions) and three 
mal biet variables (Lights, Trial Type, and 
insir Numbers). However, the no-feedback-no- 
д group was not run. Two additional 
not b eee variables were included but were 
їр] Primary interest, These were Session Order 
Eht-dark or dark-light) and Sex. 
s vd between-subjects independent variable 
her or not research participants received 


auditory feedback (FB or NFB) as to their 
moment-to-moment occipital alpha strength. This 
variable had. two major purposes. First, it al- 
lowed us to determine to what extent feedback 
itself helps persons learn alpha control when they 
are also informed as to nature of the task. Second, 
it allowed us to gauge the relative effectiveness of 
Oculomotor and Cognitive strategies uncontami- 
nated by the effects of feedback itself. Ii it is true 
that the Cognitive strategy is in no way effective 
in producing alpha strength changes, even through 
mediation of oculomotor functions, we would ex- 
pect the no-feedback-Cognitive-instruction group 
to show no significant success at alpha control. 

The second between-subject independent vari- 
able is type of instructions—Cognitive (СІ), 
Oculomotor (OI), or none (NI). This variable 
had two purposes. First, it allowed us to deter- 
mine the relative efficiency of these types of con- 
trol strategies. Тһе  no-feedback-no-instruction 
group was not run, but the feedback-no-instruction 
group allowed us to assess the effects of giving 
instructions on the development of alpha control 
during the experimental session. Second, the in- 
struction variable allowed us to determine the 
effects of suggestion (instructions) on the re- 
ported subjective states accompanying high and 
low alpha strength. This was accomplished as 
follows: The Cognitive instructions implicitly sug- 
gested, to those persons who received them, what 
kinds of subjective feelings to expect in relation to 
increased and decreased alpha levels, whereas the 
persons in the no-instruction group were given no 
idea what to expect. A comparison of the written 
subjective reports of the subjects in these two 
groups, matched for the degree of acquired con- 
trol of alpha, illustrates the effects of suggestion. 
In addition, we would expect only those aspects 
of subjective state that are present in a majority 
of the reports from the successful individuals in 
the no-instruction group to be reliable subjective 
correlates of increased or decreased alpha strength. 

The first two variables—Feedback and Instruc- 
tions—define the five major between-subjects cells, 
which are FB-CI, FB-OI, FB-NI, NFB-CI, and 
NFB-OI (л =8 for these cells). Recall that the 
NFB-NI group was not run. 

The first within-subjects independent variable is 
Lights. Each person was run through two ses- 
sions, one with lights on and one with lights off 
in the experimental room. The on condition is 
actually low ambient lighting, and the off condition 
is total darkness. If it is true that Cognitive and 
Oculomotor strategies are independent means of 
manipulating occipital alpha strength, we would 
expect that, although the degree of learning in the 
two groups would be similar with the lights on, 
the Cognitive group would do significantly better 
than the Oculomotor group under the lights-off 
condition, This is because the absence of cues 
from the external environment would make it very 


difficult for persons in the Oculomotor group to 
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“look” and “not look,” while this situation would 
not be as great a detriment to persons we a 
using Cognitive strategies of alpha control thai 
are potentially independent of oculomotor ager 
On the other hand, if it is true that control o 
the oculomotor functions, directly or indirectly, is 
the only way to affect alpha strength, we would 
expect persons to do significantly worse when the 
lights are out, regardless of the type of instruc- 
tions they received. | 

The first controlled variable is order of trials 
within sessions, 


Each person was run at 
Sessions in order 
changes in moti 
session days, 


the same time of day for 
to minimize individual 
lvation, arousal level, etc., between 


subjective re- 
Sion question- 
r of items, in- 


Research Participants 

Forty 
Colorado s 
to partially Satisfy the 
troductory psyc! 
formed as to t 


undergraduates from th 
served 


1 vave 

О mention was ever made of alpha, 
beta, or any other type of brain Wave, in order to 
guard against t 


back research, 


(a) age 
Ck ex- 


this rarely show any alpha control, 

The research participants were randomly as- 
signed to the five between-subjects conditions (n 
=8) with the stipul 


ation that there were equal 
numbers of each sex in each condition, 


Apparatus 


The EEG was recorded by bipolar leads 
tached to the right occipital and right frontal ig t 
(O: and F, of the 10-20 system) with the = 
mastoid as ground. This electrode placement. w | 
chosen since it generally gave us the occipita 
alpha recording of highest amplitude, and it n 
one of the two placements used by Nowlis e 
Kamiya (1970), whose research we were колезі 
in replicating. Although other occipital alpha re 
searchers have used different placements, we know 
of no reports of any relevant differences in results 
when using the O-F, placement versus other oc- 
cipital placements such as O-O», O;-ear, or OC: 
(e.g, Nowlis & Kamiya, 1970). * 

The EEG was amplified and filtered by a Bio- 
feedback Systems, Inc, Model AT-l. The center 
frequency of the alpha filter on this unit is 10.0 Hz, 
With а 3-db. attenuation of 7.5-8.5 Hz and of 11.5- 
12.5 Hz, and with a 20-db. attenuation of 5.0-7.0 
Hz and 150-170 Н». The output of the АТ-1 
was fed to two locations : an audio feedback gen- 
erator and a digital quantifier, А 

The audio feedback was in the form of an in- 
tensity-modulated tone appearing over a headphone 
set. The intensity (volume) of the tone is essen- 
tially Proportional to the strength of the alpha 
signal being sensed, 

The digital quantifier, Model DQ-1, also manu- 
factured by Bio-feedback Systems, Inc, is a 


variable time base, four-digit accumulating counter. 
The integration time was set to automatically stop 
every 60 sec, and to reset after about 2 sec. The 
count accumulated Over the 60-sec time period js 
Proportional to the area under the curve of alpha 
Strength versus time, 

Пе research parti 
fortable chair which 
the center of a 9 


carpeted room, 


cipants sat in an 
was place 
by i0 


upright, com- 
d approximately in 
sound-attenuated and 


Procedure 


After the recording electrode 
Participant Was seated in the 
and was read the initial 
tion Materials, Fi 

Preconceived 


S were attached, the 
experimental room 


instructions and orienta- 
First he was told tl 


search, N 


room and gay, 
wed by two 3-4 
rst with 


baseline recordings, the experimenter 
© Experimental room and read the 

i ons explaining the nature 
hose in the FB conditions were 
rease the tone volume as high as 
luring the “maximize” periods, to de- 
as low as they could during the “mini- 


ot the task, 
Instructed to inc 

Cy could d 
Crease jt 
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mize” periods, and to not try to produce or suppress 
Imaginary tones during the rest periods, at which 
times the feedback circuit would not be operating. 
Participants were warned against being satisfied 
with partially correct hypotheses—they were en- 
couraged to continually search for better methods 
to increase and decrease the tone volume. They 
were also asked to keep their eyes open at all times 
and to sit up straight in their chair. By means of 
the intercom, the participants were informed of 
the nature of the next trial by the words “maxi- 
mize,” "minimize, " or “rest.” 
_Participants in the NFB groups were not pro- 
vided with the feedback signal (the tone), but 
Were asked to wear the headphones. They were 
Instructed in two types of subjective states that 
they should practice entering during the session 
when signaled through the intercom. The Cogni- 
tive instructions were similar to the control strate- 
Sles reported in the literature: to generate alpha, 
Participants were instructed to relax, "let go,” be- 
come “noncritical,” and allow themselves to review 
Pleasant personal experiences. The high alpha 
State Was described as one of “drifting tranquility, 
alpha те tfulness, and well-being.” Тр mp 
“critical Ж Sen чаш ta ee s 
The nee i Yard, and exer tthemsels 5 : : = 
tense a a. pha state was described as one ot : 
auxist Wareness and concentration, and Sone CIS 
5 У or frustration, The Oculomotor instruc- 
tlons to generate were, basically, to blur and not 
Qcus, and to suppress were to "look" and focus. 
e ше the possible interference of precon- 
Derson notions, no mention was ever made to any 
althou кч any condition of alpha or beta rhythms, 
the gh I vill use these terms here to simplify 
Ws Presentation. The signal for generate alpha 
alpha *Seeptive state, and the signal for suppress 
la а was "action state." During the rest periods, 
Persons in the NFB groups were instructed 
HOE: да Practice entering either of the two sub- 
Jective states, 
eee in the FB-CI and FB-OI groups re- 
fee Б both the feedback instructions and the cor- 
‘SPonding strategy instructions. Individuals in 
te FB-NT group received the feedback instruc- 
Оп but were given no idea as to which processes 
тау рас tone might be associated. It was 
me ee to all participants: that they should 
Ghee eyes open at all times regardless of 
"er or not the lights were on. 
bein participants were then run for 18 ex- 
йы a trials of 3-min duration, which were 
Scrip, ta. six blocks of three trials each, as 
or Baie Previously. The absolute alpha strength 
? trial was recorded. 
brought“, end of the session, participants were 
Were ie ack into the control room where they 
naire, Wired and asked to fill out the question- 


ti 


RESULTS 
Degree of Acquired Control 

The basic analysis of the data was ac- 
complished by two types of analysis of vari- 
ance (ANOVA) and the three types of 
dependent variables, giving six F tables. 
ANOVA 1 refers to the analyses in which 
the FB-NI group was left out. The major 
between-groups cells in these analyses are 
ЕВ-СІ, FB-OI, NFB-CI, and NFB-OI, 
representing a 2 X 2 factorial (Feedback X 
Instructions). ANOVA 2 refers to the 
analyses in which the NFB groups were left 
out to leave the major between-groups cells 
of FB-CI, FB-NI, and FB-OI. These three 
cells represent one independent variable 
with three levels (of Instruction). 

Since they allow one to cancel out the 
large between-subjects differences in alpha 
strength, the percent success and discrimina- 
tion scores are much more sensitive than the 
absolute alpha strength scores. Therefore, 
I chose an alpha level of .05 for the former 
two ANOVAs and an alpha level of .02 for 
the latter. 


Absolute Alpha Strength Scores 


ANOVA 1. In discussing the results of 
this ANOVA, there will be no need (nor 
space) to report those effects which have 
corresponding effects (i.e, with identical 
interpretations) in the more sensitive per- 
cent success ANOVA. 

As expected, overall alpha strength during 
the experimental session was higher when 
the lights were out (mean of 177 counts per 
minute [c/m]) than when the lights were 
on (144 c/m), as indicated by the main 
effect of Lights, F(1, 16) = 13.91, р < .005. 

A highly significant main effect of Trial 
Type, F(2, 32)= 30.25, p < 000005, in- 
dicated that across all groups, sessions, and 
trials, generate levels were, in fact, above 
resting levels, which were above suppress 
levels. 

Overall alpha strength showed a spon- 
taneous increase over the first half of the 
session and then leveled off, as indicated by 
a highly significant main effect of Trial 
Number, F(5, 80)= 17.32, р < 0000001. 


80 WILLIAM B. PLOTKIN 


The alpha levels for the six trials were 149, 
154, 159, 164, 163, and 163, respectively. 
Because of such effects it is important to in- 
clude frequent baseline measurements in 
order to determine that alpha increases are 
actual increases and not merely due to 
spontaneous changes occurring during the 
feedback session. 

ANOVA 2. The interpretation of the 
relevant effects from this analysis аге 


similar or identical to the same effects from 
ANOVA 1. 


Percent Success Scores 


ANOVA 1. 


)=.07, p> 78 
effect of Feedback did 


variable, as shown by 
Feedback interaction, 
03, which indicated t 
feedback was significant 
lights on, although pers 
feedback in either case, 

Persons who receive 


F(1, 16 


)= 5.96, pe 
паї 


the Superiority of 
ly greater with the 
Ons did better with 


as indicated 
effect of Instructions, F(1, 16 


However, the signifi 
Light interaction, PE(1, 
:003, which is illustrated i; 
that this effect of Instr 
entirely on whether the lights Were on or off. 


When the lights Were on, persons who re. 


ceived Oculomotor instructions were much 


75, р< 
cant Instruction x 


16) = 13.15, 
n Figure 1, shows 
uctions depended 


more successful than those who received 
Cognitive instructions (means of 31.4% vs. 
14.3%). However, with the lights off, there 
was no significant difference between the 
two types of instructions, BO l6y-13] 
$2.5 . 
There was no significant difference in per- 
cent success scores between the generate 
and suppress tasks (nonsignificant main ef- 
fect of Task), regardless of the type of in- 
structions received (nonsignificant Task X 
Instruction interaction), and regardless of 
whether or not feedback was available (non- 
Significant Task x Feedback interaction). 
However, there was a significant Task X 
Light interaction, F(1, 16)= 14.36, p< 
002, which demonstrated that the absence of 
light had a much greater detrimental effect 
on the generate task than on the suppress 
task, which was true regardless of the type 


INSTRUCTIONS 
— L TONS 


*———e OCULOMOTOR 
*-----* COGNITIVE 


35 


30. 


25 
ш 
S 
© 20 
[5] 
[^] 
i 15 
o 
о 
=) 
С [ 
x о 

5 

o 

ON OFF 
LIGHTS 

Ficung 1. 


Light x Instruction interaction £0" 
Percent success ANOVA 1. 
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TABLE 1 
MEANS FOR TRIAL NUMBER EFFECTS FROM PERCENT Success Score ANOVA 1 


Trial No. 
Test 1 2 3 4 5 6 
Trial No. 10.6 14.7 13.2 15.0 15.6 19.6 
Tie Ne. X Feedback 
FB 14.3 19.8 19.9 23.0 2 2 
NEB 6.9 9.6 6.5 7.1 275 ИЗ 
Tos No. X Light 
n 12.7 23.8 20.8 23.3 2 3 
Of 816 5.6 5.6 67 64 356 
Trial No. X Task 
e 4.0 13.8 12,9 17.2 17.6 22.6 
17.3 15.6 134 12.9 13.6 16.6 
ое, ANOVA 1 = analyses of variance in which the feedback-no-instruction group was left out, FB = feedback, NFB = no 


К, С = generate, S = suppress. 


E instructions received (nonsignificant Light 
Task x Instruction interaction). 
Boum „who received feedback showed 
tiale cant increases in success scores across 
E pum those who did not receive feed- 
Pons almost no increases in success 
is s S trials (see Table 1). This. conclusion 
pr alee by a significant main effect of 
ait Number, Р(5, 80)= 6.39, р < 0002, 
lin significant Trial Number X Feedback 
Кс F(5, 80),=2.49, b < 05. More- 
Succe persons showed significant increases in 
ight SS scores across trials only when the 
indic; Were on, as shown in Table 1, and as 
E. by the Trial Number X Light in- 
ction, F(5, 80) = 6.94, р < .0001. 
ta the generate success scores in- 
Cegg sed across trials while the suppress suc- 
in ee did not, as indicated by the Trial 
= po X Task interaction, F (5, 80) 24.67, 
br (see Table 1). | Furthermore, the 
ia triple interaction between Trial 
be toe Lights, and Task, F(5, 80) = 4.10, 
ask a showed that this Trial Number by 
Session, fect came mostly from the lights-on 
Cross m Since success scores did not increase 
Wer, trials for either task when the lights 
€ out, 
hor arat 2. 'The most important results 
fert м; analysis is the fact that the main 
aon Instructions, F(2, 12)= 199, p> 
PY 1 the Light x Instruction interaction, 
ја 3.81, р> .05, did not reach sig- 


S 


nificance, although the latter came very 
close. The percent success means for the 
Oculomotor, Cognitive, and no-instruction 
groups for lights-on and lights-off sessions 
are shown in Table 2. Two orthogonal com- 
parisons were run on the interaction: (a) 
Lights by Cl and Ol versus NI, and (b) 
Lights by CI versus OI. Neither reached 
significance, but in both cases .10 > p > .05. 
Orthogonal comparisons on the main effect 
of Instructions (Cl and Ol versus NI, and 
CI versus OI) also did not reach signifi- 
cance, but again .10 > p > .05. However, 
a comparison between the success scores of 
the CI and OI groups during the lights-on 
sessions was significant, F(1, 12)= 9.78, p 
<.01. This suggests that with the lights 
on, the feedback subjects who received the 
Oculomotor instructions were the most suc- 
cessful, with approximately equal success for 
the Cognitive and no-instruction groups. 
With the lights off, there were no significant 
differences in performance. 


Discrimination Scores 


Separate ANOVAs are not necessary for 
the discrimination scores for the following 
reason. Recall that percent generate suc- 
cess — (Gi — Ri) /Ri and that percent sup- 
press success = (Ri — 51) ИК. The sum of 
these two success scores equals the discrimi- 
nation score: (Gi = Ri) (К, — $) = G – 
S, Therefore, all the significant effects 
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TABLE 2 
Percent Success Means From ANOVA 2 
Instruction Lights on Lights off м 
Oculomotor 40.4 9.5 are 
Cognitive 24.6 11.0 17. 
None 22.6 8.6 15.6 


Nole. ANOVA 2 = the analyses of variance in which the no- 
feedback groups were leít out. 


from the percent success ANOVAs are the 
same ones that are significant for the dis- 
crimination ANOVA, except for the effects 
that include the Task variable, which, of 


course, is not їп the discrimination 
ANOVAs, 
Special ANOVAs 


Two additional Partial-ANOVAs were of 
interest in order to 


ngle variable, which [ 
| The only significant ef- 
at involved the 


€ WaS the main effect of 
Information itself, F(2, 12)= 5.62, p < 02. 


The means for the FB-CI, FB-NI, and 
NFB-CI groups were 17.8%, 15.6%, and 

An orthogonal com. 
parison between the FB-CI and the FB-NT 
groups was not significant, F(1, 12)= 25, 
p. Showing that these two groups did 
not differ in degree of Success, However 
the orthogonal comparison between the feed- 
back groups and the no-feedback group was 
significant, F (1, 12)= 11.00, P < 01, and 
showed that these two feedback 
significantly тоге successful ; 


than the group that just rece; 
Instructions, i ing i 


zm and lights-off Sessions since 
ion 


12)= 346, ps os, arts Interaction, F(2, 


did not quite Te i 
i „ 
nificance, 1 асһ Sig 


The second special ANOVA consisted of 
the data from the FB-OI, FB-NI, and HEB: 
OI groups, which composed the three levels 
of a single variable (called Information 
again). The main effect of Information; 
F(2, 12)= 5.57. was significant at p < .02. 
The means for the FB-OI, FB-NI and 
NFB-OI groups were 24.9%, 15.6%, and 
12.6%, respectively, The orthogonal com- 
parison between the FB-NI and NFB-OI 
groups was not significant, R(1, 12) .58, p 
2.5, which showed that persons were 
equally successful with Oculomotor instruc- 
tions alone and with feedback alone, How- 
ever, the comparison between the single in- 
formation groups and the combined informa- 
tion was significant, F(1, 12)= 10.50, p< 
01, and showed that the group that received 
both feedback and Oculomotor instructions 
was More successful than the groups that 
received only one or the other. This was 
also true for both tasks and for both light 
levels, A significant Information x Trial 
Number interaction was also obtained, (10, 
60)= 2.44, р < 02, which showed that the 
FB-OI group improved across trials to a 
significantly Sreater extent than the other 
two groups. 


Subjective Reports 
On the Postsession questionnaires T asked 
cach research Participant in the feedback 
groups to indicate, by means of 7-point 
rating scales, the degree of pleasantness, 
arousal, difficulty, and feelings of success 
that they experienced during the different 


types of €xperimental trials, The data were 
analyzed by ANOVA 2, with «= ‚05. 


Pleasantness 
А ik «ont 
There Were no significant effects from 
this analys 


noted : Th, 
significance. F(1,12)— 3.81, р < 08, How- 
ever, the direction of tl 

lights-on session 
(even though 
lower when th 


n 
5 were rated more pleas, 
alpha levels were significant" 
€ lights were on). 
Arousal Level 


Persons in 


rated 
the feedback groups 
themselves to b 


н res 
€ less aroused during the 
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TABLE 3 
CONTROL STRATEGIES REPORTED By Su 
ATE ED BY SUCCESSFUL SUBJECTS AND Nu F 
SuccessruL Subjects iN FB-OI СОСЕ карызы 


Control strategy 


Generate 


Lights off 


Suppress 


Lights on Lights on Lights off 


faring at blank wall or letting vision blur 
‘yereaming, introspection 
Mireased thinking 
ultiplication problems 
sepes сув position " 
Slow FU awareness of thoughts and feelings 
ut feni n ement (between. focusing) | 
pa E drawing, or imagining visual images 
ee А shapes in one’s mind 
arias concentration (e.g., on tone). 
transi 2us eye movements (rapid series of 
ten moe fixations) ў 
Focusin £O. noises outside the room 
Feelin d хова on objects in the room 
elaxis i anger or hate 
ountim (facial muscles) Р 
Бу g or outlining objects in the room 
perce. to get a good feeling for depth 
“Bla Ption 
ank mind,” no thoughts 
] ughts 


| 
Number of su 


= 298 
а 


ccessful subjects 


3 
1 
1 


abe me mre. dS OO 
N 


= 
w 


эю NN 


He we 


оо 
ow 
со 
ч 


Note, р РТО 
*FB-OL = feedhack-Oculomotor instruction. 


Periods th 


trials, ап on the generate or suppress 


) kr, Ph were rated about the same. 
50575 Were G = 4.604, К = 3771, and S = 
eve : em higher ratings refer to higher 

А arousal. This conclusion is ѕир- 


y 2] 

pe F(2, 24)= 5.76, р < 01, and an 
"a comparison which showed that 
^5 not significantly different from S, 


R 
(1, 24)= 1.24, p > 25, and that G and S 


Соп; 
iy were significantly different from 
(1, 24) = 10,03, р < .005. 


le N М 
‚ STe were differences in arousal level 


Tati 

tring SS between the generate and suppress 
Lights = a function of the Instruction and 
Trig) variables, as shown by the significant 
actio Type x Instruction X Lights inter- 
ш the P(4, 24у= 4.53, p « Ol. Persons 
aler ‚ 8roup rated themselves to be more 


* generate periods. 


Although there was no main effect of 
lights, persons rated themselves as slightly 
more aroused during the lights-off sessions 
(4.458 vs. 4.472). 


Difficulty 

Persons in the feedback groups felt that 
the experimental tasks were much easier 
when the lights were on, regardless of the 
type of instructions that they had received, 
as indicated by a significant main effect of 
Lights, F(1, 12) = 12.37, р < .005 and a 
nonsignificant Lights X Instructions inter- 
action, F(2, 12)= 1.05, p > 38. 


Success 

Similarly, persons felt more successful 
when the lights were on, regardless of in- 
structions, as reflected in the significant 
main effect of Lights, F(1, 12)= 742, p< 
.02, and the nonsignificant Light X Instruc- 
tion interaction, F(2, 12) 2.10, р> .8. 


Sub jective Associations and Reports of 
Control Strategies 

On the postsession questionnaires, we 
asked the individuals in the feedback groups 
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TABLE 4 


CONTROL STRATEGIES REPORTED By SUCCESSFUL SUBJECTS AND NUMBER OF 
SUCCESSFUL SusjecrTs iN FB-CI Group 


Control strategy 


Task 


Generate Suppress 


Lights on Lights off Lights on Lights off 


Recalling or imagining pleasant personal 
experiences ("letting mind go") 
Relaxation Н 
Feelings of floating, flying, lightness, or space 
Visually out of focus 
Counting 
Sexual fantasies 
Frustration 
Ignoring tone 
hinking about classes 
Detailed visual observation (or focused vision) 
Feelings of anger or fear 
Relaxation 
Concentration on tone 


Number of Successful subjects 


нн онн с 
юш 


Pee 
Ka 


6 4 


Nole. FB-CI = feedback-Cognitive instruction, 


reports of th 
showed signifi 
sion of alpha stren 


one-sample ¢ test with a (5) 10 
Table 3 lists the 


Successful 
vision blur- 
nhancement, 
е “daydreaming” and “in- 
or feelings.” 
extreme eye posi- 
tegy. To Suppress 
ome form of visual 
; many also found 


tion" for an enhance stra 
alpha, all persons used s 
focusing or imagination 
that moving their eyes around the room and 
focusing briefly on different objects was а 
very efficient Strategy, — Even though the 
persons in this group were by far the most 
successful in enhancing alpha levels, they 
did not report that the enhance trials were 
particularly pleasant, Serene, or tranquil, 


Out of a possible 32, there were 26 suc- 
cessful performances by people in the ЕВ-ОТ 
group. In comparison, the FB-CI, FB-NI, 
NFB-OI, and МЕВ-СІ groups had 23, 23, 
19, and 10 successful performances, respec- 
tively. 
group, most of the sub- 
е FB-CI subjects were 
at they were led to ex- 

istructions they received, 
As shown in Table 4, the most popular en- 


rere “recalling pleasant per- 
sonal experiences" and “feelings of floating, 


flying, lightness, or space,” However, there 
were seven reports (the most popular strat- 
egy) of “focusing vision” in order to sup- 
Press alpha, There were only three re- 
ports each of "anger or fear" and "con- 
centration” as successful suppress strategies, 
as the Cognitive instructions had suggested. 
Evidently, the Cognitive instructions were 
Not effective for alpha Suppression, although 
they did Seem to be effective in alpha en- 
hancement when combined with feed- 
back. The relative failure of the Cognitive 
Instructions to aid alpha suppression can be 
Seen by the fact that there were only 10 
successful Suppress sessions (for the C 
STOUp) compared to 15 for the ОТ grouP 


CO ee 


| 

- чо, 
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TABLE 5 
. CONTROL STRATEGIES REP E ч 
^ р АТЕСІЕ EPORTED BY SUCCESSFUL SUBJE DN 
E i ECTS AND NUMBE 
SuccEssFUL SUBJECTS IN FB-NI Gibur ЕЕ 
Task 
Generate Suppress 
j Control strategy Lights on Lights off Lights on Lights off 

hinking about personal experiences (e.g., 

Sports activities) 1 2 
exual fantasies 4 2 

appy, pleasant feclings 1 1 


"eelings f + А 
3 lings of anger, fear, paranoia, frustration, 
or sadness 
ncreased aw: 

creased awareness of thoughts, lots of 


to 
= 


thoughts 2 | 
Thee equations І 4 
E де of things subject had to do later 1 
bee mind," thinking about nothing E З 
аі ed visual observation (or focusing the 
cre s in the dark) k i 
anging thoughts (avoiding concentration 
d n one thing) І 
RIP slow, breathing › 
elaxation | 
азу, s] i : 
rie? slow thought | 2 
В response, concentration on sounds 2 
*ntration on mental objects (images) : 
Nu j i 
а. of successful subjects И is : 4 
Note, FB-N = 
^ FB-NI = feedback-no instructions. 


(out of 


group, a possible 16) and 14 for the NI 


ij cro received ло instructions. 

group uon reports of the FB-NI 
10 indu s ue tabulated in Table 5, show 
that ie p» similarities with the experiences 
and be uM widely associated with high 
Persons - ie states. For instance, these 
States vate not agree that enhanced alpha 
Ports of = pleasant. There were seven re- 
Neutral pe nal trials being associated with 
OF the o pleasant states and three reports 
tense Metis trial being associated with in- 
ation м of anger, fear, paranoia, frus- 
Who i Reig sadness. Furthermore, persons 
Were a LM generate trials to be unpleasant 
Dorteq ess successful than those who re- 
ti these trials to be pleasant. In addi- 
Опе individual associated feelings of 


т О, 
Cont 

en өнү. м à Э 

л tment” with alpha suppression, while 


Wi "хоц associated unpleasant feelings 
Ms task. At least two individuals 
ee they could increase the tone 
(оао 1 either very pleasant or very 
NS © feelings; evidently the important 
ree кын the intensity of feeling, or 
nonsensory awareness. 


he Sion 
de. 


Another example is the subjective di- 
mension of relaxation which was more 
closely related to alpha suppression than to 
alpha enhancement. No successful par- 
ticipants explicitly mentioned relaxation as 
an enhancement strategy, although this may 
have been implicit in some of the reports. 
In contrast, four persons did explicitly men- 
tion relaxation as a suppression strategy. 

Again, we found much to our surprise that 
of the people in the FB-NI group 
reported a state of "thinking about nothing" 
or “blank mind" as how they felt during 
alpha suppression. 

The persons in the FB-NI group also did 
not associate the enhanced alpha state with 


a majority 


nondirected thought, tranquility, being 
“high,” feelings of lightness or floating, 
thoughtlessness or “egolessness.” In gen- 


found that the reports of the people 
who were carefully given no idea as to what 
subjective changes (if any) to expect were 
consistent on only one subjective dimension 
that related to changes in occipital alpha 
namely, the degree of nonsensory 
Specifically, all of the enhance 


eral, we 


strength, 
awareness. 
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TABLE 6 


Y Su JBJECTS 
‘TROL STRATEGIES REPORTED BY SUCCESSFUL Su 
рото Ѕовјестѕ ix NFB-OI Group 


AND NUMBER or SUCCESSFUL 


Control strategies 


Blur vision, “not looking," unfocusing 

Thinking . 

Daydreaming 

Relaxing eye muscles 

General relaxation 

Silent chanting А x 

Detailed visual observation of objects in the 
room 

Detailed visual observation of ima; 

Trying to see in the dark 

Eye movements (REMs) 

Concentration 


ginary objects 


Number of successful subjects 


Task 
Generate Suppress 
Lights on Lights off Lights on Lights off 
5 
2 
1 1 
1 
1 
1 
8 
1 4 
4 
2 1 
2 
5 1 8 5 


Note. NFB-OI = no feedback-Oculomotor instructions, 


alpha reports could b 


€ seen as states of in- 
creased nonsens 


Огу awareness (eg, paying 
and feel- 


awareness (eg, 
jects, Sounds, or i 


Table 6 lists the Control strategies of the 


processing, 
at all persons in this 


: all of 
tegy concerned with 
nctioning. 


persons in this 


group did not receive feedback, However, 


three of the five 
in alpha enhancement with the 


Cognitive instructions 
viewing ple 
would also 


(e.g., relaxation, re- 
asant personal experiences), they 
discover that at these times they 
were unfocusing their vision and staring 
blankly at the wall in front of them. More- 
over, on only three sessions (out of 16) 
were the persons in the NFB-CI group able 
to suppress alpha with the Cognitive in- 
structions; and one of these persons listed 
"visual imagination" as her strategy. The 
relative failure of this group on the suppres- 
sion task cessful with the lights 
Pport to the idea that 


ions were not effective 
as a suppression Strategy, 


Discusston 


Throughout much of 


cess, and discrimi- 
across all of the major in- 
dependent variables. Note that each dis- 
als the sum of the 
ate and suppress means: 
those means which were 
different from zero, p 
tion I hoped to answer in 
was: Which control strategy’ 
Oculomotor, is more effective 
Tol, and what is the relatio? 


mean equ 
corresponding gener 

n asterisk marks 
not significantly 
Пе first ques 
research 

Oghitive or 
in alpha cont 


this 
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between these two strategies and the rela- 
tion of each to changes in alpha strength? 
The data unequivocally pointed to the 
Oculomotor strategy as the more successful. 
Individuals who received the Oculomotor 
instructions were significantly more success- 
ful on all three measures of alpha control 
than those who received the Cognitive in- 
structions, as can be seen from Figure 2. 
Even among the three groups that received 
feedback, persons who received Oculomotor 
Instructions were the most successful. In 
"Igure 2 we can see that the combination of 
feedback and Oculomotor instructions was 
y far the most successful combination on 
all measures of alpha control when the lights 
Were on, We also found that on the gen- 
Crate task, the Oculomotor groups showed 
Significantly greater improvement across 
trials than the Cognitive groups. Further- 
More, the data showed that persons who 
received feedback and Cognitive instructions 
did no better than those who received feed- 
back With no task instructions. It is ques- 
“onable, in fact, as to whether the Cognitive 
‘structions were of any help at all in learn- 
ing alpha control, especially alpha suppres- 
Ston, No one in the NFB-CI group was 
Successfu] at alpha suppression with the 
Ights on, The data from the subjective re- 
Ports suggest that the CI suppress instruc- 
tions may have made it even harder to learn 


alpha suppression than no instructions at 
all, perhaps by misleading the people in the 
CI groups. 

The tight relationship between oculomotor 
functions and occipital alpha strength showed 
up in numerous places in the data. Even 
though their eyes were kept open in all ses- 
sions, our research participants had sig- 
nificantly higher absolute alpha strength 
during the lights-off sessions. We also 
found, in agreement with other researchers, 
that alpha control was much harder to learn 
when the lights were out, most likely due 
to the lack of visual feedback and the as- 
sociated destabilization of the eye-position- 
ing control system. Persons did much more 
poorly with the lights out regardless of 
whether they had received Cognitive or 
Oculomotor instructions. Thus, the hy- 
pothesis that the absence of light would not 
greatly affect the performance of people who 
had been instructed in the Cognitive strategy 
of alpha control was not supported. 

The fact that the absence of light had a 
greater detrimental effect on the generate 
task than on the suppress task also would be 
predicted by the Oculomotor hypothesis. 
When the lights are out, a ceiling effect 
occurs on the generate task: Alpha strength 
is already near maximum levels due to the 
absence of visual feedback, and one cannot 
be expected to enhance alpha very much 


TABLE 7 


CONTROL STRAT 


155 REPORTED BY SUCCESSFUL SUBJECTS AND NUMBER OF 
кл. SuBjEcTS IN NFB-CI Group 


Ры... Control strategies 


Task 


Generate Suppress 


Lights on Lights off Lights on Lights off 


Lo 
ur vision, unfocus, stare blankly at wall 


ne thoughts drift—pleasant personal 
eee 


concentration 

ctiy Problems — В 4 

isua] Concentration on emotions (anxiety) 
Imagination 


N " 
Umber of successful subjects 


nmw wu 


- 


Note. 
* NFB-CI = no feedback-Cognitive instructions. 
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LIGHTS ON 


50. 


% GENERATE SUCCESS 
[diis ) 


40. R х 100 


50, 


20. 


Ж = NOT SIGNIFICANTLY 
DIFFERENT FROM ZERO 


FB F8 
01 с! 


NFB NFB 
0! cl 


FIGURE 2, Means for all ma 
trial, R=rest period, S 
OI = Oculomotor instru 


jor experimental 
= suppress trial, i = tri 
ctions, CI = 


beyond this level, The small increases in 
alpha above Testing levels that were oc- 
casionally seen during the lights-off sessions 
Were most likely due to the learned inhibi- 
tion of the residual amounts of oculomotor 
Processing Occurring even in complete dark- 

r hand, it is not as hard 
for People to Suppress alpha with the lights 


they do that affects 


Howeyer, even 
difficult in the 


an on the sup. 
uctions further 
at the self-contro] of 
ns of Cognitive strate- 
ndent of oculomotor 


ement across trials 
е lights-on Sessions 
the Proposed con. 
alpha and oculo- 


In fact, when the lights 


% SUPPRESS SUCCESS 
(Ri -Si 
Ri 


groups and dependent measures, 


Cognitive instructions, NI = 


% DISCRIMINATION 
(91-51 


Ri 


« 100) 
x 100 ) RS 


LIGHTS OFF 


(G — generate 
al number, FB — feedback, NFB — no feedback, 


no instructions.) 


were off, the degree of success on the sup- 
Press task decreased across trials. This 
finding is what would be expected from the 
Oculomotor hypothesis: When the lights are 
out, the individual receives no feedback 
from the environment as to the state of the 
¢y€-positioning control system. Therefore, 
in а ]-һг Session with the lights out, it 
becomes increasingly harder for persons to 
activate the oculomotor functions and thereby 
to suppress alpha strength, 


Ve can now ask: Wh 
tionship between Oculon 
Strategies of alpha contr 
tion, І reduced the pos 
relationships to three, 


at there was n0 consist 
tween the two 


at, then, is the rela- 
notor and Cognitive 
012 In the introduc- 
sible number of such 
Hypothesis 1 was 
ent relationship be- 


: Hypothesis 2 was that e 
Cognitive Strategy was (implicitly) mediate 
by the 


Oculomotor str 
3 was that the Ocul 
Strategies we 
trolling а] 
already 
discard 
Of such 
Nstructi 
the light 


ategy ; and Hypothesis 
omotor and Cognitive 
re independent means of con- 
pha strength. Some findings have 
been discussed which allow us ш 
Hypothesis 3. The most cruci? 
findings is that the main effect ie 
ons depended entirely on whether 
S were on or off. When the ligh 
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were on, persons who received Oculomotor 
Instructions were much more successful than 
Persons who received Cognitive instructions. 
However, when the lights were off, alpha was 
as hard to control with Cognitive strategies 
as with Oculomotor strategies, suggesting a 
common means of alpha control in both cases, 
namely the activation and deactivation of 
oculomotor processes (for alpha suppression 
and enhancement, respectively ). Although 
a common strategy is implicated, the data 
quite explicitly demonstrate that (a) per- 
sons can and sometimes do learn to control 
Occipital alpha without being aware that they 
are succeeding by controlling oculomotor 
Processes, but (b) with the lights on, per- 
Sons are much more successful in alpha con- 
trol when they have knowledge of the “di- 
Tect” Oculomotor strategies. 

Moreover, the data suggest that, by itself, 
ae Cognitive strategy, as used in this re- 
fr e does not produce consistent changes 

alpha strength. This conclusion is sup- 
PON by the fact that the discrimination 
mean for the NFB-CI group is not sig- 
Nificantly different from zero (see Figure 2). 
s А also supported by the subjective reports 
x" he ЕВ-СІ group: Although the CIs were 
^ sistent with alpha enhancement, the CI 

Ppress instructions were ineffective; in 
ct seven out of the 10 persons in this 
She who were successful in suppressing 
ported that they did so by an Oculomotor 
Strategy, 

Thus, we must conclude that there is no 
Consistent relationship between alpha con- 
E and the Cognitive strategy I used in this 
search (Hypothesis 1). However, an 
analysis of the subjective reports of the FB- 
^ Subjects suggested that there is a more 

ughtforward “cognitive control strategy” 
s is consistently related to changes in 
E Strength (i.e., the degree of nonsensory 
ate Thus, we will accept an al- 
give aon of Hypothesis 2. Below we will 

his a consideration to the nature of 

I Ognitive strategy. 
is ч short, our answer to the first question 
Bene е i VW ais са suc- 
к in produci a strengt a 

is only s pee dm el dis $ ns 

a a y can be 


efficient mediators of changes in oculomotor 
processes. The oculomotor system seems 
always to be involved when an awake in- 
dividual learns to control his occipital alpha 
rhythm, even though he may not be aware 
of this. (However, it is important to note 
that, although there is a direct relationship 
between oculomotor activity and occipital 
alpha strength, it is not a simple linear rela- 
tionship—see Mulholland, 1972, 1974). 

The second question I asked was: What 
are the effects of suggestion or “demand 
characteristics” on the subjective. states re- 
ported to occur during the alpha feedback 
situation? In analyzing the written sub- 
jective reports from the experiment, we 
found that, as expected, the subjective state 
reports of the FB-CI group were closely re- 
lated to the instructions the group received, 
especially for the high alpha state. How- 
ever, from this result alone we do not know 
whether the subjective experiences of this 
group were intrinsic correlates of the alpha 
strength changes or of the person's expecta- 
tions or of both. This question was an- 
swered by looking at the subjective reports 
of the group that received feedback but was 
given no expectations as to what experiences 
may or may not occur. Although the per- 
sons in this group did as well in alpha con- 
trol as the FB-CI group, their reports 
showed no consistent similarities with the 
experiences that have been widely associated 
with high and low alpha states. Evidently, 
when people are not instructed as to what 
kinds of subjective states they should ex- 
pect to experience during alpha training 
(i.e., when demand characteristics are mini- 
mized) they are not likely to describe the 
alpha state as unusual or particularly 
beneficial or enjoyable. 

Moreover, we were surprised to find that 
a majority of the individuals in the FB-NI 
group reported a state of "thinking about 
nothing" or "blank mind" as how they felt 
during alpha suppression. This was sur- 
prising because reports of “blank mind” are 
often associated with meditative states, which 
are also reported to be states of enhanced 
alpha. However, the subjective reports 


gathered from the present experiment sug- 
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gest that when a biofeedback trainee without 
any meditation experience reports a state of 
"blank mind," he is probably saying that 
he was paying close attention to the sensory 
world and had reduced (nonsensory) aware- 
ness of thoughts and feelings. On the other 
hand, when: an advanced meditator reports 
a state of “blank mind,” he usually means 
that he was neither observing the sensory 
world nor heeding thoughts and feelings. 
Therefore, during states of “blank mind, 
the biofeedback participant is engaging in a 
high level of oculomotor Processing (alpha 
suppression), while the meditator has greatly 
reduced oculomotor Processing (alpha en- 
hancement) . 

A few additional aspects of the data from 
the postsession questionnaires are relevant 
here. Persons rated the generate trials of 
the lights-off sessions to be less pleasant 
than the generate trials of the lights-on ses- 
sions even though the alpha levels of the 
former were Significantly higher than those 
of the latter, In addition, I found no strik- 


ing relationships between arousal level 
alpha. For example, 


pants’ alpha levels wer 
during the lights 
themselves as gli 
these sessions 

Finally, althou 


and 


ghtly more aroused during 
(although not significantly). 
in the FB-OI 


The reports of the persons in the FB.NT 
group were consistent on only one Subjec- 
tive dimension that related to changes in 
occipital alpha strength—namely, the degree 


of nonsensory awareness, All of the en- 
hance alph of states of in- 


а reports were 
) awareness of thoughts 


creased (nonsensory 
and feelings, while nearly all of the Suppress 
Of states of decreased 


alpha reports were 
nonsensory awareness or heightened aware- 
ness of the sensory world, 

This findings fits in very 
Oculomotor hypothesis : 
dominant sensory mod 
reasonable that w 


are reduced that 


Well with the 
Since vision is the 
ality in man, it is 
hen oculomotor proc 


esses 
there is also reduced 


sen- 
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sory awareness in general and greater Ms 
ness of thoughts and feelings (i.e, Si 
sensory awareness). Likewise it ma = 
good sense that when the oculomotor gyte ; 
is active, persons are more aware of the pr 
sory world and less aware of thoughts anc 

feelings, often leading, in fact, to reports of 
“blank mind." Several serendipitous find- 
ings from the subjective reports of our re- 
search participants strongly support this con- 
clusion. For example, many persons in both 
of the OI groups reported that in order to 
follow the instructions for the generate trials 
(which were to blur their vision and to be 
visually inattentive), they engaged in various 
strategies that amounted to daydreaming or 
becoming increasingly aware of thoughts and 
feelings. In addition, a few persons in these 
groups reported a feeling of “blank mind 

while carrying out the Oculomotor suppress 
strategy of increased sensory (visual) 
awareness. Another example is one in- 
dividual in the NFB-CI group who was par- 
ticularly successful in generating alpha levels 
above resting levels (most persons in this 
group had failed). On his subjective re- 
port questionnaire he wrote that he entered 
this state by “a relaxation and a focus pri- 
marily inward" (consistent with the CIs) 
and that he noticed, incidentally, that when 
he was successful at this "inward focusing" 
his vision would be blurred and out of focus. 
Recall that as a member of the NFB-CI 
group, this individual had received no feed- 
back signal and he Was given no instruc- 
tions that made any reference to the Oculo- 
motor strategies, Two other persons in this 
group also noted that when they were em- 
Ploying the Cognitive strategies they would 
discover that they were also, at these times, 
unfocusing their vision and staring blankly 
at the wall in front of them. In another 
case, a person in the FB-N 
that to suppress the 
visually on her dr 
make her mind bl 
externally,” 


reports illumi 
Nation betwee 
system and th 


T group reported 
alpha tone, she focused 
ess pattern while trying to 
ank and “project thought? 
These and other unsolicitec 
late the frequent close coordi- 
n the activation of the visu? 
€ degree of sensory awarenes® 
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The connection between occipital alpha 
Strength and the degree of sensory aware- 
ness also allows us to explain a puzzling find- 
ing which is shown on the middle graph of 
Figure 2. This is the fact that on the sup- 
Press task, the NFB-CI group actually 
showed increases in alpha strength over rest 
Period levels. This finding can be explained 
їп the following manner: The instructions 
to our research participants for the rest 
Periods were to do anything they like ex- 
cept to practice the control strategies. How- 
Sver, both the generate and suppress strate- 
E of the Cognitive instructions described 

»Jective states that involved an awareness 
E thoughts and feelings, although they dit- 
E in the type, intensity, and affective 
— of thought and feeling. Thus, during 
Gade periods, many of the persons m this 
COMI ш entered states of increased sensory 
düe a order to refrain from practicing 

ч leir generate or suppress strategies. 
ба. resulted in lower alpha strength during 
Gaia periods compared with the suppress 
this es. This reasoning also explains why 

$ group did as well as it did on the gen- 
erate task. 

s Fi third question I asked was: What 
F al си role of feedback itself in the learning 
ne pha control? Jackson Beatty (1972) 
ты ked that task information is a factor 
iilo as effective in alpha control as physio- 
individ feedback. However, T found that the 
kd uals in my experiment who received 
бе ack were significantly more successful 

all measures of alpha control than those 
ж who received task instructions and no 
" ack, especially with the lights on (see 
"i 2). However, there are two con- 
to ations that must be pointed out in order 
па dequately interpret this finding. The 
wee ees two procedural differences be- 
ond 1 Beatty’s study and mine, and the sec- 
TEA а the confounding between the 
ор Cnty of feedback and the inferiority 

* Cognitive instructions alone. 

betwen are many procedural differences 

ü ri Beatty's study and the present one, 
cance © are likely to be of greatest signifi- 

ee The first concerns the dependent 

ires. T used an integrated amplitude 


measure of alpha strength, which is sensi- 
tive to both the amplitude and abundance 
of alpha, while Beatty used a percent time 
index of alpha density which is only sensi- 
tive to alpha abundance. In addition, Beatty 
did not include baseline periods, which may 
have led to relatively insensitive measure- 
ments of alpha control. Thus Beatty may 
not have found differences between feedback 
and no-feedback conditions due to a rela- 
tively insensitive methodology. However, 
the second consideration concerning the dif- 
ferences between our studies may very well 
be more important. This has to do with 
the differences in our Cognitive instructions. 

In the introduction to this report I quoted 
Beatty’s task instructions in full. Although 
they are similar to mine and to those re- 
ported in the literature, he did emphasize 
the dimension of sensory/nonsensory atten- 
tion more so than I did. Included in his 
instructions were (a) beta is associated with 
the orienting response to novel stimuli and 
{о sensory attentiveness, and (b) alpha is 
associated with increased inner awareness. 
Perhaps enough of his information-only sub- 
jects followed these aspects of the instruc- 
tions in order to produce significant differ- 
ences in percent time alpha. 

The two special ANOVAs I employed 
are relevant here. The group that received 
both feedback and CIs did not do any better 
than the group that received just feedback, 
while both these groups did better than the 
group that received CIs alone. Thus, 
persons cannot learn to effectively control 
occipital alpha by merely being informed as 
to the Cognitive strategies as used in this 
research. However, we also found that the 
FB-NI group did no better than the NFB- 
ОТ group, which suggests that instruction in 
the Oculomotor strategy alone is as effective 
in alpha control as physiological feedback. 
We can see Beatty’s findings as consistent 
with this aspect of mine, if we keep in mind 
the close correlation between the degree of 
nonsensory awareness and the degree of 
oculomotor activation. However, Beatty 
also reported that his research participants 
who received both feedback and task in- 


formation did no better than persons who 
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just received one or the other. As concerns 
the Oculomotor instructions, my findings are 
not consistent with this: I found that the 
FB-OI group did do significantly better than 
either the FB-NI or the NFB-OI group. 
This suggests that although feedback and 
Oculomotor instructions have similar effects 
on the learning of alpha control, the com- 


bination is significantly better than either 
alone. 


In sum, it appears that to a large degree, 
the differences between Beatty's findings 
and mine are due to the fact that his task 
instructions are somewhere in between my 
Cognitive and Oculomotor instructions. in 
effectiveness. Thus, (a) Oculomotor in- 
Structions improve alpha control beyond that 
obtainable with feedback alone, (b) Beatty's 
task instructions do not produce such im- 
provement, but they are as effective as feed- 
back alone, and (c) my Cognitive instruc- 


tions are not even as effective as feedback 
alone. 


There is difference 


between 
mine. 


He reported 
У subjects improved 
ar manner to his feed- 
ver, I did not find this. 
showed large increases 
у no-feedback subjects 
provement. 

ntly improves the self- 
control of occipital alpha strength beyond 


that which can be achieved by instructions 
alone since oculomot 


across trials, while m 
showed almost no im 
Feedback significa: 


However, 
feedback, the subtle cl 


processing can be effe 
lowing us to determi 
under control with re The use- 
fulness of feedback is greatest in achieving 
very high degrees of oculomotor relaxation, 
For example, when the lights are off, base- 
line levels are near maximum since the eye- 
positioning control system is relatively un- 
stable. At these high levels of oculomotor 
relaxation, further relaxation is difficult to 
achieve by simply willing jt, This is where 


he availability of a feedback signal is n 
OX as Са by the fact that 469% 
of the persons in the FB group were and 
to enhance alpha with the lights off, while 
only 19% of the NFB subjects were able to 
do so. 1 
On other essential issues, Beatty and 


are in agreement. In his 1972 paper, he 
concluded that 


the fact that very simple and very general in- 
structions can effectively induce alpha wave ac 
tivity argues against the popular notion that the 
alpha state is quite unique, attainable only by 


meditation or EEG contingent reinforcement. (p. 
153) 


In sum, evidence from the present re- 
search has led to the conclusions that (a) 
in the feedback augmentation of occipital 
alpha, enhancement and suppression of this 
thythm is always mediated by learned con- 
trol of oculomotor processes, although some- 
times persons are not aware that they are 
employing this strategy, especially in the 
case of alpha enhancement, (b) the earlier 
Teported association between the alpha ex- 
perience and occipital alpha strength can be 
explained in terms of the instructions or 
the "demand characteristics" of the experi- 
mental procedures, (c) there are reliable cor- 
relations and understandable associations 
between occipital alpha strength and the 
degree of nonsensory awareness, and (d) 
the most effective method of controlling the 
occipital alpha rhythm is by means of feed- 


back together with simple Oculomotor in- 
structions, 


Occipital Alpha and States of Consciousness 
Let us now take a closer look at the con- 
nection between occipital alpha and states 
of Consciousness, and at the possible utility 
of alpha feedback as a meditation technique 
от as a therapeutic device, two related issue? 
Which are of the greatest importance tO 
those interested in brain wave feedback, ап“ 
Which therefore deserve further comment: h 
What we have seen from the researc 
described here is that there is no Щй 
Connection between a neurological state, E 
enhanced occipital alpha and a meditati 
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State of consciousness or the state of con- 
clousness referred to in the literature as the 
alpha state.” 

The picture we have now is that to en- 
hance occipital alpha strength a biofeedback 
trainee will learn to relax his oculomotor 
system. The easiest way to accomplish 
this is to cease paying heed to the visual 
Modality (although one could learn to pay 
close attention to color, shape, etc., while 
still enhancing alpha). But since vision is 
the dominant sensory modality, our trainee 
will likely discover that an easy way to be- 
Come visually inactive is to not pay heed to 
апу sensory modality (although one could 
learn to attend to, e.g., sounds without being 
Visually active). Moreover, our trainee will 
Soon discover that the easiest way to main- 
v а state of sensory inactivity without 
евр. asleep is to simply pay close attention 
(altt т to become absorbed in—his thoughts 
while ee, one could learn to stay awake 
world paying heed to neither the sensory 
World nor one's thoughts—this is often the 
goal” in meditative practices, although any- 
E zu has ever tried meditating will tell 
AM stopping thought for any length of 
ES M € sitting still in a meditative pos- 
ses kj ar from simple). In essence, we can 
lim it makes sense that the easiest 
stren = for enhancing occipital alpha 
us ; would be to become absorbed in 
Genet thoughts or feelings, since this is a 
ai мау to maintain a state of oculomotor 

axation, 
is On the other hand, since the “alpha state” 
“А; instance of а nonsensory state of 
NO Оле; the attainment of an “alpha 
iun can be an effective strategy for alpha 
Hg were but only for those persons who 
ed know how to enter such a state of 
talk Me The problem arises when we 
"a vhs out alpha feedback as inducing an 
Sala state." This implies that the “alpha 
and 4 always accompanies enhanced alpha, 
5 PR therefore, if we can train people 
аали alpha strength, then they will 
: in self-inducing an "alpha state." 
ва it should be clear by now that this 
к the case. Entering an “alpha state” 


'S only on : ae 
e way of enhancing occipital alpha ; 


any other mood state—regardless of the 
contents, affective valence, or even presence 
of thoughts and feelings—would work 
equally well as long as the person is also not 
looking. Therefore, we have no guarantee— 
nor do we have any grounds on which to 
expect—that a person in alpha feedback 
training will enter an "alpha state" by virtue 
of learning to enhance alpha strength. As 
we saw earlier, there is a reliable correla- 
tion between enhanced alpha and a state of 
nonsensory awareness, but how a person re- 
ports this state of nonsensory awareness is 
in no way a function of occipital alpha 
strength. Thus, simply conditioning en- 
hanced alpha strength is not a way to induce 
an "alpha state" in the same sense that 
simply conditioning a certain kind of arm 
strength is not a way of transforming some- 
one into a star quarterback (although one 
will most likely find that star quarterbacks 
have strong throwing arms). 

An illustration of a logical mistake con- 
cerning the relationship between occipital 
alpha and states of consciousness is an hy- 
pothesis offered by Nideffer (1973). He 
suggested that "within an individual, as af- 
fective arousal (emotional involvement) in- 
creases, alpha will decrease, That is, alpha 
should be produced so long as stimuli are 
not being reacted to in an ego-involved way" 
(p. 176). Evidently Nideffer made this 
hypothesis based on the connection between 
meditation and calm, relaxed, “ego-free” 
states, and the reported connection between 
meditation and alpha. However, just be- 
cause enhanced alpha occurs during these 
two different situations, there is no logical 
grounds for equating these situations on 
any other dimensions, such as egolessness. 
Tn fact, the results of my research have lent 
strong support to the opposite conclusion— 
namely that alpha is often produced when 
persons are in ego-involved states, in the 
sense of being absorbed in personal thoughts 
and feelings. However, no intrinsic rela- 
tion between ego involvement and alpha is 
implied here. The only direct connection 
involved is between occipital alpha and 
oculomotor processes. In addition, we have 
found, in the alpha feedback situation, a 
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statistically reliable connection „between a 
reduction in oculomotor Processing and en- 
hanced nonsensory awareness. _ The latter 
happens to be often characterized by in- 
creased ego involvement in meditation-naive 
persons, and by decreased €go involvement 
in meditation. In short, there appears to be 
no reliable connection between occipital alpha 


nonsensory 
Therefore, when operantly con- 


па strength 
ulomotor processing) we would 


here that an increase 
gth is only one of the 
Several changes in EEG that Occur during 

The above critique does not 
imply that none of these EEG changes ( eg., 


slowed frequency, alpha enhancement from 
other cortica] locatior 


T co ns ) uniquely accompany 
meditation, although 


n this could be the case 
Since no well-controlled 


to the contrary. 


Ote 5, for 


and hypnosis 
ology.) 


) conducted 
gating the 
ack and in. 
On subjective State. In his 
study, alpha enhancement and alpha suppres- 
sion feedback Were each paired with alpha 


experience and neutral instructional sets, 


He found the typical alpha experience to r 
reported only when people were given к 
the alpha experience set and alpha гана Я 
ment feedback. Either alone was not su 
cient. Walsh interpreted his results in the 
following manner: 


The so-called alpha experience may be associated 
directly with the occurrence of alpha rhythm буе 
tivity, as is commonly believed, but the subjec ily 
changes involved may be so subtle as to be p S 
blocked by situational factors. As a result, the: Е 
changes may only become apparent when the БИШ" 
tion provides appropriate preparation for the E 
perience, including some concepts to use in descri 
ing it. (p. 433) 


However, I wil] argue that this conclusion 
has not been show 


n to be empirically war 
ranted by Walsh’s data. First, let us look 
at three possible Positions concerning the 


relationship between alpha activity and the 
alpha experience : 


First is Walsh’ 
experience is 


alpha rhythm, but that this association is 


n the alpha experi- 
ence and alpha activity ; there is no such as- 


Sociation to be blocked by situational factors ; 

there very often is a reliable correlation 
een nonsensory awareness and alpha ac- 
tivity ; situational factors do not block this 


Correlation . (c) the alpha experience is 
Only one instance of 


betw 


an alpha 
an experience in 
training is very 
а person has been led 
alpha feedback per s¢ 
for nor especially facilita- 


to expect it; and (e) 


tive of the a e 


chievement of the alpha experi- 
ence, 
: —— А 6 
First we will discuss Points a, b, and 
above, 


Altho 


ugh there is good reason {0 
Expect that а; 


А : it is 
п alpha experience, since it 


| 
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а nonsensory state, will not be reported if 
a person was not exhibiting alpha activity at 
the time, this does not imply that the alpha 
experience is directly associated with alpha 
activity or that “situational factors” can 
block this association. What Walsh’s study 
showed was that if a person is being visually 
active (during alpha suppression feedback), 
he will probably not report алу kind of non- 
Sensory state, including the “alpha state." 
Thus Walsh has not shown that the alpha 
€xperience is directly associated with alpha 
activity, but rather that the absence of alpha 
Activity is often associated with a state of 
sensory awareness which most often ex- 
cludes the possibility of an alpha experience 
as well as all other nonsensory experience 
Such as increased awareness of, for example. 
Paranoid thoughts. Moreover, situational 
factors do not block the association between 
enhanced alpha and nonsensory awareness, 
4s illustrated by the fact that nearly every 
Терог from the persons in my research who 
Were successful at enhancing alpha were re- 
Ports of states of nonsensory awareness. 
Point @ above is opposed to both 
Walsh's and Beatty's positions. I hold that 
Instructional set is not a necessary pre- 
requisite for the alpha experience. А per- 
Son is simply much more likely to describe 
US state of nonsensory awareness in terms 
9f an alpha experience if he has been led to 
expect this kind of experience. However, 
Certain persons will occasionally report an 
alpha experience without having received an 
Mstructional set when they merely enter a 
State of nonsensory awareness during the 
Special circumstances (see below) of a bio- 
feedback experiment, as occasionally ос- 
curred in the FB-NI group of my experi- 
ment, 
: Point е above deserves careful considera- 
Поп. A finding from my research, as well 
» s of Walsh (1974) and Beatty (1972). 
Dakine persons who reported the alpha ex- 
"E rs were, at those times, exhibiting 
"i а Strength levels that were usually lower 
, Occasionally just slightly higher than 
oo same Persons’ alpha strength levels 
н en they simply closed their eyes or sat in 
dark room with their eyes open. Thus, 


alpha feedback per se is neither necessary 
for nor especially facilitative of the occur- 
rence of an alpha experience since, in order 
to have an alpha experience, it is not neces- 
sary to achieve alpha strength levels above 
those obtainable by simply closing one’s eyes 
or by not looking. The only prerequisite for 
an alpha experience is that a person be in 
a state of nonsensory awareness, and alpha 
feedback is in no way necessary for the 
achievement of such a state (eg. day- 
dreamers do this all the time “on their 
own"). 

Although alpha feedback per se is neither 
necessary for nor especially facilitative of 
the occurrence of an alpha experience, there 
are good reasons to believe that the alpha 
feedback situation can facilitate the occur- 
rence of such an experience. Consider some 
of the other significant factors besides ex- 
plicit suggestion and feedback that are com- 
monly involved in the alpha feedback train- 
ing situation: (a) the research participant 
must be constantly monitoring a feedback 
signal; thus there is often sustained atten- 
tion; (b) the physical setting—prolonged 
sitting in a soundproof, darkened room— 
often amounts to moderate sensory depriva- 
tion (see below) ; and (c) the participant 
finds himself in a strange laboratory en- 
vironment containing unfamiliar electronic 
gadgetry with all the connotations and as- 
sociations that such an environment may be 
expected to conjure up. These factors and 
others may be expected to have significant 
effects on how a person reports his experi- 
ence during an alpha feedback experiment. 

When we consider the effects of these 
three factors along with the effects of the 
individual's personal characteristics, his ex- 
pectations, and the degree of experienced 
success, the suggestion that there is no direct 
association between the alpha experience and 
alpha activity per se becomes much less 
extraordinary. Yet, at the same time, we 
can understand why it once appeared as if 
there were such a direct association to re- 
searchers who were not being sufficiently 
critical, who were absorbed by the idea of 
a direct and simple relationship between 
states of consciousness and neurophysiology, 
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and who were not considering the other 
possible explanations. 

Another hypothesis related to the under- 
standing of the alpha experience is that 
which is offered by Peper (1971). Several 
research reports (Chatrian, Magnus, Peter- 
sen, & Lazarte, 1959; Jasper & Penfield, 
1949; Klass & Bickford, 1957 ; Kreitman 
& Shaw, 1965) have 


mmands" (p, 
te of Sensory 
Sensory limita- 


230), 


› is prob- 
| | sensory depriva- 
tion experience (see Lilly, 1956; Zubek, 


Lilly reported, such sensory 

ay be reported as 
d enjoyable or as 
mimetic, depending 
set and setting.” We 
enhancement to ac- 


As for the clinical applications of ос- 
сїрїї а1 alpha feedback, I have seen no well- 
controlled research to date that gives us any 
reason to believe that alpha feedback, as 4 
meditation technique or as a therapeutic de- 
vice, is as effective as any of the traditional 
meditation exercises, or as progressive re- 
laxation (Jacobson, 1938), autogenic training 


(Luthe, 1969), systematic desensitization 
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(Wolpe, 1958), hypnosis, or self-hypnosis. 
This is not to say that the alpha feedback 
Situation is never effective—there are simply 
no grounds on which to assert that alpha 
feedback per se is a significant aspect of 
those situations in which alpha feedback has 
been employed in a therapeutic context. The 
Possible benefits of alpha feedback training 
will depend upon, among other factors, how 
it is being used (including what it is being 
used in conjunction with), who is using it, 
and for what purpose it is being used. 

Concerning meditation and alpha, con- 
sider the following two points. 


1. Since some aspects of the behaviors en- 
gaged in during alpha feedback training are 
similar to those of meditation practice— 
such as constant monitoring, “passive voli- 


tion,” and Sensory limitation—there may 
be reasons why 


as a potential meditation technique under 
However, it is most 
t the significance 
practice of cer- 
achment, aware- 
volition) and not 


ant monitoring of the feed- 
ather than by virtue of any 
een enhanced alpha activity 


I г, we will briefly dis- 
an Important reason why, in any 
case, alpha feedback would not be recom- 
mended as а meditation technique. 

2. It makes Sense, as Kamiya (1969) and 
Others have reported, that meditators аге 
good at alpha enhancement, simply because 
they have had much practice and experience 
їп entering а nonsensory state which is 10 
cidentally characterized by decreased oculo" 


x in 
motor Processing, However, the fact th? 
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oculomotor relaxation accompanies medita- 
tion in no way implies that a meditative state 
can be attained by relaxing the oculomotor 
system, ` 
ES conclusion, we should not be unduly 
appointed that there is no direct assọcia- 
on between enhanced alpha and the alpha 
ea The chain of research on alpha 
eedback, from Kamiya’s (Note 1) first 
E to the present, has been valuable in 
EM us that, although we once thought 
it а, box of amplifiers and filters had made 
— ble to induce a desirable state of 
gene тоге rapidly and effectively 
ап ever before, in fact we were really 
aay doing it “on our own.” We simply 
eke once again that often people only 
Dice certain degree of faith in their natural 
Te ai and abilities, along with an appropri- 
К ee ting and simple instructions, in order 
ie complish what they feel is normally 
yond their potential. 
= e: in this connection that alpha feed- 
fon > iw not be recommended as a medita- 
а s dene since it would tend to create 
state е limiting illusion that our altered 
e = of consciousness are а causal function 
йге physiology a physiology that re- 
MA a electronic aid for us to alter. We 
bum Already gone through this unfortunate 
n experience with psychedelic drugs, 
Msg reinforced the restricting notion that 
db. chemicals are a prerequisite for at- 
Hag certain desirable states of conscious- 
P (Weil, 1972). We need not repeat 
"IS "conditioning" with biofeedback. The 
ae to enter altered states of consciousness 
3 а natural ability that we all can potentially 
ae learning how to do this without er- 
n devices such as electronics and drugs 
Ex Serve to expand our behavior potential 
in г widest range of circumstances (Plot- 
& Schwartz, Note 5); 
aduiofeedback. does represent an invaluable 
lar ан in our capacity to introduce 
selte ves to whole new realms of bodily 
кы о the present research should in 
this ау be taken as а disparagement ot 
ad tool. In fact, it is because of its 
a potential that we should be most care- 
hot to make premature claims for bio- 


feedback, which will only result in а grow- 
ing suspicion of this young field. Finally, 
let us be careful to understand that bio- 
feedback equipment never does anything to 
us; rather, we изе biofeedback devices to 
actively help ourselves explore and improve 
our own natural abilities. 
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We are pleased at the opportunity to re- 
spond to Plotkin's (1976) article. Like so 
many of the follow-up studies on alpha feed- 
back, this one raises questions and offers an- 
Swers on issues that have been important 
since the first studies. In reflecting. on 
Plotkin's article, two Objectives stand out 
The first of 
explain alpha 
activity (with and without feedback) as pri- 
marily due to oculomotor effects, and the 


to reinterpret 
previous experiential descriptions of the 


il, because we believe the objectives 
were not satisfactorily achieved. 


The Oculomotor H Ypothesis 


It should be noted immediately that the 
single channel of electroencephalogram 
(EEG) data was derived from a bipolar 
frontal to Occipital placement, It is there- 


» as in the article's 
pha rhythm when it 
could be called the frontal alpha rhythm by 

The use of a frontal site 


' increases the 
recorded alpha 
hich would be 
na -to-temporal, an occipital- 
to-occipital, or an Occipital-to-earlobe elec- 
trode scheme. This disruption is especially 
strong with vertical Eye movements, which 
can cause an apparent loss of the EEG for 
seconds at a time, This is due to the fact 


seen in an Occipital 


——— T — 
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that the electroocular potential, traceable to 
the rotation of the corneo-retinal dipole, 
can be much larger than the EEG, depend- 
ing on the size and direction of the d 
movement. Thelarger movements can easily 
saturate the EEG amplifier momentarily, 
causing no apparent EEG for the duration 
of the saturation. There are methods avail- 
able for eliminating this artifact (Girton & 
Kamiya, 1973), but they require additional 
circuitry. 

Since eye movement is one of many fac- 
tors statistically associated with reduction 
in EEG alpha, the use of a frontal electrode 
Site would result in an apparent accentuation 
of this association in the feedback experience 
of the trainee, Unfortunately, the magni- 
tude of the resulting errors in assessing 
alpha cannot be evaluated, especially since 
it seems that Plotkin did not make graphic 
records. (He mentions only the Bio-feed- 
back Systems, Inc., equipment in the ap- 
paratus section.) All we can do is caution 
against the use of frontal reference electrodes 
unless the eye movements can be eliminated; 
minimized (as verified by recordings), of 
otherwise accounted for. We must keep 
the frontal site in mind when considering 
Plotkin’s conclusion that “feedback-aug 
mented enhancement and suppression of 0C 
cipital alpha Strength is always mediate? 
by learned control of oculomotor processes 
(p. 66). Indeed, we must contend tha 
this conclusion is stated far too strong? 
for a study which did not monitor or reco! 
а single measure of oculomotor activity. E 

lotkin arrives at his oculomotor Rp 
clusion after formulating and consider; 
three alternatives for possible relations? to 
ОЁ oculomotor and cognitive strategies ig 
alpha control. We do not believe me je 
three alternatives are the only reaso" 


| 


Possibilities. At least one additional alter- 
Native should have been considered, namely, 
that the cognitive and oculomotor strategies 
аге differentially effective, depending оп 
whether the control is in the direction of 
reduced or enhanced alpha, relative to rest- 
ing baseline. A question that troubles us 
about Plotkin’s alternatives is raised most 
Clearly in his second alternative, that cogni- 
tive processes may control alpha “only to the 
a that they successfully mediate changes 
OS nd functions” (p. 73: А italics 
ED. We assume that by mediate he 
ans cause or produce, and by functions he 
means some physiological processes of the 
oculomotor system. This is a hypothesis 
about how training of alpha control is made 
үле physiologically, and аз such does 
chol imply any necessary behavioral or psy- 
Ogical strategies. Assume for the mo- 
ы alpha activity is completely deter- 
сол! by the oculomotor system, and spe- 
of th Y in such a manner that with activation 
hio € oculomotor system, as 1n visual scan- 
T E of the environment, there would be 
pha suppression, while with maximal 
Quiescence of this system, there would be 
ша а1рһа. The question of what would 
: se maximal quiescence would be open. 
ет be drowsiness, it might be some 
К Wwe state of consciousness, as well 
delik at many think it could only be—a 
mis oa voluntary relaxing of the eye 
Dh cles. The fact that knowledge of alpha’s 
Sie would not necessarily help us 
jn crstand it psychologically raises doubts 
Our minds as psychologists as to why the 
Physiological question is raised. We hope 
no Not а belief that if it is physiological, 
Cognitive processes could be involved. 

me ensidering that Plotkin, did not obtain 
Toe of oculomotor activity as a direct 
that К of his hypothesis, we are led to assume 
at what he really meant was that oculo- 
Sind Strategies (as established by experi- 
S» a instructions or as inferred. from 
чю, reports) might be involved in ex- 
inf ng cognitive strategies (established or 
erred in the same way). So long as 
ere is understanding that a physiological 
YPothesis of alpha control was really only 
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tested at the behavioral level, we can pro- 
ceed. However we believe that Plotkin did 
not stay at the behavioral level in the dis- 
cussion of his results. Plotkin's zeal in em- 
bracing the oculomotor hypothesis can be 
traced to his citations of work by Mulholland 
(1968), Mulholland and Peper (1971), and 
Paskewitz and Orne (1973). However we 
should note that normal alpha activity has 
been recorded in eyeless subjects missing 
one or both eyes, even when there was com- 
plete exenteration (removal of eyeball, ex- 
traocular muscles, and periosteum). This 
finding by Chapman, Cavonius, and Ernest 
(1971) supported their view that alpha ac- 
tivity is “not directly dependent on the 
corneoretinal potential of the eyeball, tremor 
of the extraocular muscles, eye position, 
accommodation, or eyelid flutter” (p. 1161). 
While Chapman et al. did not employ feed- 
back training (which would be an interesting 
study to do), they did show that alpha in 
eyeless subjects showed the normal decreases 
during “hard” mental tasks. In view of 
these findings, it would seem incautious to 
suggest that feedback control of alpha is 
"always mediated by learned control of 
oculomotor processes, although sometimes 
persons are not aware they are employing 
this strategy" (p. 66). 

There are at least two phases to alpha 
feedback training as has been shown by 
Hardt (1974, Note 1). The first phase 
lasts about 2 hr and is primarily devoted to 
adaptation and habituation ( Hardt & 
Kamiya, Note 2), that is, eliminating those 
processes which block alpha. The second 
phase begins after about 140 min of training 
and may represent positive achievement at 
alpha enhancement. This process may be 
different from elimination of blocking effects 
and the shape of the acquisition curve is 
different from that seen during the first 2 hr. 
There are even hints of a third phase begin- 
ning after about 6 hr of total training. Plot- 
kin’s total feedback training time, including 
both generate and suppress, was 72 min, so 
his trainess never really got into the second 
phase which is alpha enhancement; they 
were still working on elimination of alpha- 


suppressing effects. Although Plotkin de- 
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scribes the time for learning as “ample,” we 
see this is not the case. Furthermore, to 
anticipate the second objective, we can note 
that since some of the subjective experiences 
usually referred to as the “alpha experience’ 
do not begin to occur until after the 2-hr 
adaptation and habituation phase, the data 
do not warrant a reinterpretation of the 
alpha experience. Indeed the findings of 
Walsh (1974) that the alpha experience 
depends upon both alpha activity and ех- 
pectation of an alpha experience (set and 
setting) may be valid only during the 2-hr 
adaptation period, because Walsh also pro- 
vided less than 2 hr of training and his 
trainees did not even significantly enhance 
alpha activity. 

It has been our 


as to whether they 
se on a given tria]. 
gital score they can 
Ocused on an unduly 
rindow and be unable 
alitative nature of the task. At 
art of alpha training, trainees 
the scores distracting, but 
to rely on them for index- 


ing their progress, 
had as one of its ob- 
ent of the subjective 


| alpha, the requirement 
with eyes open in a li 
for half of the total traini 


ing. It is rather like 
perience 


disruption 
Tn fact Plotkin's suc- 


е “recovery” aspect of 
nating absolute Magni- 
ty. We commend this 


cess scores obscure th 
the training by elimi 
tudes of alpha activi 
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study for its use of equipment which pr 
vided feedback and quantification as a con 
tinuous function of alpha amplitude (rather 
than dichotomous feedback and percent pe 
scores) ; however Plotkin apparently dog 
not recognize that eyes-open plus light pro 
duces severe depression of alpha activity, | 
which the short period of feedback training 
merely begins to undo. Having apparently 
decided in advance of the data that oculo- | 
motor activity is the chief determinant of 
alpha activity, he misses an alternative in 
terpretation of his percent discrimination 
Scores in his Figure 2. With lights on, 
feedback plus oculomotor instructions. pro- 
duced the greatest "control" by trainees. 
But with lights off, feedback plus cognitive 
instructions was best, even though we know 
there must have been some oculomotor dis- 
ruption due to open eyes and “trying to see 
in the dark" We suspect that if his trainees. , 
had used closed eyes in the dark, the supe- 
riority of cognitive over oculomotor instruc- 
tions would have been even greater, In fact, 
the direction of his effects in the no-feedback 


(just instructions) groups also supports this 
view. 


Plotkin reveals his 1 


belief that people can- 
not increase alpha above an optimal resting 


baseline by such comments as: “With the 
lights off | |. almost anything they do that | 
affects alpha strength will produce a decrease | 


im alpha since ‘there is nowhere else to 
go” (р. 88). We See that he designed 
the feedback 


training in such a way as to 
minimize the chances of seeing what he did 
not expect: (а) By €yes-open training and 
the use of light, alpha levels are depressed 
below €yes-closed resting levels. (b) By 
giving only 36 min of enhancement feedback 
it is virtually Suaranteed th 
not even recover to Eyes- 
(с) By frequently inter ae 4 
(every 3 min) to change the task, it E 
suaranteed that the subtle psychoneur? 
State of high alpha will not have much tim 

to develop anq will probably not be хаг. 
(4) тһе technique of scoring success = | 
Comparing each trial against its closest d | 
line measure might pe helpful in locat 
short-term differences in state as effected 


f 


: d 
at trainees wore 

: s: 
closed resting a ee 
Tupting the trainee 


the instructions. This advantage is offset, 
however, not only by its training disadvant- 
ages as mentioned earlier, but by obscuring 
any carry-over effects from all the previous 
training. One cannot assume such effects 
Would be absent just because subjects were 
Instructed not to do anything. Such a pro- 
cedure implies the assumption that people 
have sufficient control over alpha to “not do 
It" during the baselines. This assumption 
ОЁ control before the proof of control led to 
а hasty dismissal of Kamiya’s (1969) in- 
Рение of rising baselines (in a similar 
fen lon) as “not entirely convincing. No 
asons for the alleged insufficiency of 
amiya’s interpretation were given, and un- 
reasonable demands were placed on the base- 
Ine situation. For example, it may be un- 
Wise to insist that the baseline not change as 
pus of the training. If, for example, 
Faser ы to know how breathing rates 
ele, as a result of exercise, one could 
anoth prior resting baseline measure and 
E. E measure during the exercise. But 
Ee Sistence that resting baselines taken 
hs some of the exercise show the same 
ates as the initial resting baseline would 
omen if the exercise consisted of 
ing up or down a 10,000-ft. mountain. 
d air pressure and available oxygen 
£e with altitude, and so do the "resting" 
Teathing rates. It may be that alpha feed- 
Кт done with proper methodology can 
io y the trainee to new alpha altitudes 
т m which alpha activity might not quickly 
“cede, even if a baseline period was pro- 
Claimed. This possibility is overlooked by 
lotkin's design and his discussion. 
Even with a design using participants as 
eir own control, one can assess what hap- 
ы аз а consequence of the mere passage 
“пшр” by having sufficiently long and 
u tate pretraining baseline sessions. The 
ing ге question is whether the total train- 
tie: as effects that go beyond whatever 
nds there may be before training. Un- 
gn eid the study does not make pos- 
€ Stich before/after comparisons. 
"- ummary of Oculomotor Results. We 
er the reader to Figure 2 in Plotkin’s 


arti $ ; 
"tele, which graphically summarizes most 
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of the important results. It is clear that 
feedback is effective in producing changes, 
at least in light, for all instruction groups, 
and that oculomotor instructions are superior 
to cognitive instructions, again in the light. 
After reviewing these and other findings, 
Plotkin decided that a modified version of 
his second hypothesis best fits the evidence, 
to wit: Self-regulation of occipital alpha 
strength is always mediated by learned con- 
trol of oculomotor processes, whether or not 
the person is aware of this. He suggests 
that whatever cognitive strategies are suc- 
cessful in producing alpha changes, they are 
successful only because they can be efficient 
mediators of changes in oculomotor processes. 

A central result around which Plotkin 
builds his case in support of his oculomotor 
hypothesis is the inability of his trainees 
to significantly enhance alpha in total dark- 
ness. This result is interpreted to mean 
that total darkness is about all that is needed 
to produce maximum alpha, and that feed- 
back cannot help elevate it beyond this 
point, whether the feedback is supported by 
oculomotor, cognitive, or no instructions. 
This view fails to consider that deficiencies 
in the training methodology could be in- 
volved: not enough training, too frequent 
interruptions, etc. Moreover, he seems to 
minimize the fact that his lights-off percent 
discrimination score for the cognitive in- 
struction group with feedback was at least 
as great as the comparable score for the 
oculomotor group. Our comment is that 
trainees could not exceed their total darkness 
baselines because their training was deficient. 
This point is substantiated by the verbal 
reports. The emphasis on the visual mech- 
anisms, or their absence, in relating the sub- 
jective experience to alpha control is, in our 
experience and that of others, typical of the 
early phases of training. where effective 
control is not yet achieved. This is espe- 
cially true of alpha enhancement. 


Experiential Descriptions of the High 
Alpha State 


Plotkin does not believe that there is a 
relationship between alpha activity and a 
state of consciousness he describes as "the 
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alpha experience.” Some of his statements 
on this issue are repeated here to show the 
strength of his emphasis: 


1. “There is no direct association between 
the alpha experience and alpha activity” 
(р. 94). ee 

2. “Alpha feedback per se is neither neces- 
sary for nor especially facilitative of the 
achievement of the alpha experience” (р. 
66). 

3. “What we have seen from the research 
described here is that there is no intrinsic 
connection between a neurological state of 
enhanced occipital alpha and a meditative 
State of consciousness or the state of con- 
sciousness referred i 
the ‘alpha state’ ” (pp. 92-93). 


to fail to find this 
ief training so in- 
е see acknowledg- 
Notion that the con- 


awake, etc.) can obscure the fact 
“subtle” and “difficult” 


st pronounced aspects 


less Rod until trainees attain those “e 
veS, Iis perhaps not Surprising that Plot- 
kin's trainees do not, in Seneral, report ex- 
periences like those in the « Г: 
ence," Furthermore it has be 
there are individual differenc 
enhance alpha activity (Har 
in press, Note 3, Note 4; 
Knott, 19745). In Hardt 
Strength trainees did not do 


high-ego s 
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might have been derived primarily from the 
low-ego strength group, which is inherently 
less adept at alpha control. This observa- 
tion should not, however, reduce our con- 
cern with the other methodological de- 
ficiencies, 

It would be helpful in this section to con- 
sider the methodological conditions of Plot- 
kin's study from the point of view of the 
trainee. The condition that would produce 
the most alpha, and thus provide the trainee 
with the most Opportunity to appraise its 
subjective qualities, would be the generate 
trials in the dark, In operant terms the 
Tesponse to be shaped must be in the rep- 
ertoire of the organisms, and ideally should 
be maximized by the demand characteristics, 
at least in early learning. The generate in 
the dark trials would be the six 3-min trial 
periods interspersed among two other trial 
types (one of which requires suppressing). 


Half of the trainees would not have served 
as EEG feedback 


would start their t 
given some instruc 
tone loud (but 
peculiar rapid w. 
tone would be ne 
to some a bit a 
first trials of the 


of the trainees to incre 


trials are punctuated 
to change tasks, An 
Start to form that something 
but then the session is over. 
‚ As noted, the trainees did not learn to 
increase their alpha in the dark. As for 
their subjective evaluations of the experi- 
ence, there was nothing that could be 
uniquely ascribed to alpha. What did 
emerge clearly is what the experimenter led 
them to expect: Alpha was oculomotor, it 
was calm and Pleasant, or it was nothing: 
depending on the experimental group t° 
which they had been assigned. 


€t us now consider Plotkin's reports e 
the subjective experiences of three of hi5 
87915 (FB-OI, FB-CT, and pp. NT) to set 
1t We are led as inexorably to the oculomot?! 
hypothesis of alpha control, In the feedbac 
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plus ocular instruction group (FB-OI) only 
three of the trainees increased above resting 
levels with light off. This clearly suggests 
inefficacies in the methodology (too little 
feedback time, too frequent interruptions 
and changes of the task, eyes-open training, 
ete.). Since absolute alpha levels are lower 
With the lights on, we might expect that the 
FB-OI group had even lower scores when 
the lights were on (relative to lights-off 
Testing baselines). Is it any wonder then 
that "they did not report that the enhance 
trials were particularly pleasant, serene, or 
tranquil” (p. 84)? The FB-OI group is 
identified as the most successful, but remem- 
ber that the percent discrimination scores 
obscure absolute levels, and success is reck- 
Oned as the recovery of alpha from the 
Sharply depressed levels obtained by eyes- 
Open or eyes-open plus light methodology. 
The loss of absolute level information would 
be less misleading if increases or decreases 
Were reckoned from an optimal eyes-closed 
Testing baseline, Such optimal baselines 
Would not be scattered through the training, 
because that would serve only to distract the 
trainees. In Kamiya’s (1969) chapter in 
Tart’s book of readings, there is a discussion 
Of the problems involved with baselines 
Which interrupt the training: 


With Ss who are given only suppression training, 
their percent alpha time in [the interrupting] base- 
ine conditions tends to decrease. That, is they 
Seem to continue doing what they have been trained 
to do. But when they have been trained for both 
enhancement and suppression, they prefer enhance- 
Ment, and [the interrupting] baselines go up. 
(p. 496) 


If training scores are referred to the near- 
est interrupting baseline we must note that 
if baselines change in an upward direction, 
this will underestimate enhancement control 
and overestimate suppression control, If the 
sr erhüpting baselines do not change much, 
his could be taken as evidence that the 
trainees are not really “getting into" the 
really powerful enhancement experience, 
Which spills over into the baselines if it is 
effectively evoked. If it is not effectively 
send we would expect neither rising (in- 
*rrupting) baselines nor clear subjective re- 
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ports of alpha experiences. This is just 
what Plotkin reports. 

The second group to consider is the feed- 
back plus cognitive instructions group (FB- 
CI). They reported as their most popular 
strategy the recalling of pleasant experiences. 
These included that hallmark of the alpha 
experience: feelings of floating, flying, light- 
ness, Or space. And it should be noted that 
in the lights-off condition this group had the 
highest percent discrimination score (Figure 
2 in Plotkin's article). Had a better en- 
hancement methodology been used, the su- 
periority of this group would have almost 
certainly been more pronounced, as would 
their absolute alpha scores and their alpha 
experiences. Travis, Kondo, and Knott 
(19742) have discussed the notion that eyes- 
open alpha training is primarily concerned 
with peripheral problems disrupting alpha 
activity (eg. oculomotor disruptions), 
whereas eyes-closed training may be more of 
a central process. We venture to suggest 
that central processes are more likely to be 
determinants of states of consciousness than 
are peripheral processes involving receptor 
tuning (eye movements). The cognitive in- 
structions given this group could have helped 
to overcome the limitations of the too short 
feedback training. With longer training 
time the trainees would have discovered for 
themselves the equivalent of Plotkin's cogni- 
tive instructions. Indeed, those instructions 
were derived from published reports of the 
discoveries made by earlier alpha enhance- 
ment trainees. 

The final group to consider is the feed- 
back plus no-instructions group (ЕВ-МІ). 
We are told that their subjective reports 
“show no consistent similarities to experi- 
ences that have been widely associated with 
high and low alpha states” (p. 85). This 
result is unsurprising. Since the trainees 
were unaided by instructions and not given 
sufficient training time to discover consistent 
control strategies, their alpha changes are 
primarily due to adaptation and habituation ; 
they probably all did different things, and 
none of them may have had an alpha experi- 
ence. It is with great interest that we note 


Plotkin’s report that two of the trainees in 
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this group said “they could increase the 
tone volume by either very pleasant or very 
negative feelings” (р. 85). This report 
provides an opportunity to complete Plot- 
kin's partial view of the influence of arousal 
or activation level on alpha activity. 

Plotkin apparently conceives of a mono- 
tonic relationship between alpha and arousal : 
"occipital alpha is maximal in a given in- 
dividual when behavioral arousal is maximal 
.. - and oculomotor arousal minimal” (р. 
70). However Malmo (1959) has shown 
that alpha activity is related to arousal or 
activation level by an inverted U-shaped 
function, Low alpha is seen at both low and 
high arousal levels, and high alpha is seen 
only at an intermediate Tange of arousal, 
Malmo’s view is useful in understanding 


same technique may not work for the ] 
or underaroused trainee, 

people can increase their 
intense emotionalit 


ethargic 
Such hypoaroused 
alpha activity by 
y (very pleasant or very 


negative) which Serves to increase the 
arousal level toward the alpha maximum 
range. 


We Strongly Suspect that Plotkin’s 
two FB-NI trainees who increased tone 
ery intense positive or 


volume by either vi 
negative feelings were of the lethargic, hypo- 


aroused type ( tamasic guna). 
be noted that Mal i 


n inter- 
wherein the 


e all the alpha-suppress- 
Ped out, that true alpha 
egin. In fact it; 


at a given activation level (R, 
who have been found least 
enhancement or Suppression of alpha activity 
(Hardt, 1974, 1975, in Press, Note 3, Note 4). 
The attainment of the activation level associ- 
ated with maximal Testing alpha activity in. 
volves changes in multiple Physiological sys- 
tems contributing to activation level. Осшо- 
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motor functions may be one such contribution, 
but it is quite bold of Plotkin to suggest that 
“there is no evidence to date that somatic 
processes other than oculomotor functions 
serve as mediators of the self-control of occi- 
pital alpha” (p. 71). For example, Ken- 
nard and Willner (1945) found that the de- 
gree of deep muscle relaxation was related 
to amount of alpha activity, and Jacobson 
(1938) found that relaxation training could 
change the degree of deep muscle relaxation. 
Van Slyke (1934) showed that the pH of the 
blood, which can influence EEG activity, 
fluctuates with respiratory phase, and Frie- 
dell (1948) indicated that the breathing rate 
can influence these pH fluctuations, Thus 
both relaxation and breathing are somatic 
Processes, other than oculomotor functions, 
Which can influence EEG activity, More- 
over Flügel (1967 ) produced increased con- 
tinuity and definition of the alpha activity 


of hypoxic patients by treating them with 
vasoactive agents, 
In regard to meditation, certainly we share 
а social concern with Plotkin to maintain 
caution about the utility of alpha biofeedback 
in training meditators. But we strongly be- 


lieve such €xperimentation should be en- 


and biofeedback, 


phytes alike, on what the 


ythm is like in relation to 
If some like it 


them in Opening the door to 
Ing) their meditation, that is 


With alpha feedback train- 

ated alpha of Zen and Yoga 
Practiti is intriguing; one is naturally 
the similarities and dif- 
tween meditation and biofeedback 
j f alpha, but of the entire 
We there- 
Plotkin’s recommenda- 
meditation are of question- 
“Alpha feedback would not = 
аз а meditation technique 5107 
to create the self-limiting illu 
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sion that our altered states of consciousness 
are a causal function of our physiology—a 
Physiology that requires an electronic aid 
for us to alter" (р. 97). We should note in 
reply that Ram Dass (the former Dr. Rich- 
ard Alpert) has pointed out that all methods 
can help and all methods can be a trap (“self- 
limiting illusion"). This would apply to 
meditation too. Meditation is just a method, 
perhaps a powerful one, but just a method. 
If you need to meditate to induce an altered 
state of consciousness (to get high) you are 
trapped no less than if you need to apply 
alpha feedback to induce the altered state of 
Consciousness. 

Without taking the time here to develop 
а comment on the causality relationship be- 
tween physiology and consciousness, we 
Would nonetheless like to note that a simple 
signal-and-noise metaphor can encompass 
both alpha feedback and meditation. The 

O8! retires to a quiet forest or mountain 
Where external noise and the resultant inter- 
nal, sensorily evoked “noise” are reduced. 
Thus the Yogi can “tune in" the subtle psy- 
chophysiological signals of calmness and en- 
hanced alpha activity. The Yogi reduces the 
noise to detect a weak signal. In the West, 
With our technology, we have another option: 
The alpha feedback trainee has the weak 
Signal boosted, technologically, above the 
noise level and presented, say, in the form 
of a loud and nonignorable tone. To be 
Sure, the alpha trainee also benefits from 
reduced environmental stimulation such as 
bright lights, eyes-open training, frequent 
interruptions, etc. But the formal equiva- 
lence of the tasks of the Yogi and the bio- 
feedback trainee suggests the lack of suit- 
able rationale for the recommendation 
against alpha feedback as a meditation tech- 
nique. At the very least, technologically 
given feedback can show people the possi- 
bilities of meditation to which they can 
Staduate after alpha training. Or perhaps 
they could as well graduate to theta train- 
ing, or high EEG coherence training. Surely 

min of alpha enhancement training with 
less than optimal methodology should not be 
taken as a prime support for a nonexistence 
Proof of subjective alpha effects, whether or 
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not these effects are similar to meditation 
experiences which come only after years of 
dedicated practice. 

In sum, we believe that Plotkin has over- 
estimated the importance and influence oí 
oculomotor effects on alpha activity, has 
undertrained his subjects with less than the 
best methodology, and has overinterpreted 
his results, which really only apply to the 
adaptation and habituation phase of alpha 
learning. No reevaluation of the alpha ex- 
perience is warranted by this study. 

Hardt (1974) provides a list of eight 
methodological requirements for producing 
statistically significant and experientially 
substantial enhancement of alpha activity in 
feedback experiments. When studies in- 
corporating these methodological recommen- 
dations are conducted, the higher alpha levels 
thus produced will facilitate the understand- 
ing of the alpha experience, control strate- 
gies, and the role of the feedback in a way 
impossible with less efficient training 
methods. 
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Hardt and Kamiya (1976) present a 
rather misleading picture of my research 
(Plotkin, 1976) and of the "state of the art" 
of alpha feedback research in general. They 
do this by (a) making numerous assertions 
of an empirical nature without any empirical 
data for support and (b) not discussing the 
relevant research that is available (including 
Aamiya's own earlier work), most of which 
is inconsistent with their position. In this 
reply, I shall try to make up for these 
deficiencies in Hardt and Kamiya's commen- 
tary. A brief review of the relevant re- 
Search and of the nature of the "alpha 
phenomenon" will make it clear which con- 
clusions are warranted by the available data 
and what needs to be done to resolve the 
remaining issues. 

Let us begin by considering Hardt and 
Kamiya’s claim that I used “less than 
Optimal methodology."  Logically, this as- 
Sertion would have to be based on either 
(a) specified research that found signifi- 
cantly higher levels of control than I did, 
or, better, (b) specified research that in- 
dependently varied different aspects of the 
feedback methodology such that the features 
of my procedure that they criticize were 
Specifically compared with some other meth- 
odology, with a finding of higher control 
Scores with the latter. However, we will 
find that at no point did Hardt and Kamiya 
offer evidence of either kind. In fact, they 
offer only their opinions and speculations 
as to what may constitute an “optimal 
methodology.” 

Before we consider the available data, 
let us briefly review the historical sources of 
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the alpha phenomenon. When my research 
(Plotkin, 1976) was designed, in the spring 
of 1973, I was interested in investigating, in 
a more cautious and well-controlled manner 
than earlier studies, the phenomenon of alpha 
control and the associated subjective states. 
At that time, the alpha phenomenon had 
come to the attention of the public and the 
scientific communities chiefly through four 
research reports—those of Brown (1970), 
Kamiya (1968, 1969), and Nowlis and 
Kamiya (1970). It is important to remem- 
ber in the following discussion that these 
four reports still constitute practically the 
only primary sources for the very existence 
of the alpha phenomenon, and that they were 
—and still are—the most widely referenced 
research reports in the area. In light of 
these facts, I will begin by comparing my 
methodology with the procedures of these 
four “classic” studies, which reported both 
successful alpha enhancement and reliable 
subjective associations to enhanced alpha. 

Hardt and Kamiya have three major 
criticisms of my methodology : (a) training 
times were too short, (b) half of the train- 
ing was with eyes open and lights on, and 
(c) I switched between enhance, rest, and 
suppress trials. 

First let us consider training length. Al- 
though Brown (1970) gave her research 
participants four sessions of 50-min feed- 
back, she found that the subjective reports 
she obtained were "relatively consistent 
over the four practice sessions," so that 50 
min of feedback were sufficient to obtain 
her results. Moreover, Brown’s subjects 
were never able to enhance alpha as high 
аз their prefeedback, eyes-closed baseline 
periods. Nevertheless, Brown found that 
the subjective experiences of her participants 
during enhanced alpha were “uniform,” with 
frequent reports of pleasant thoughts and 


109 


110 WILLIAM B. PLOTKIN 


feelings, “dissolved into the environment,” 
floating, etc. Kamiya (1968), who reported 
that “people can be taught conscious con- 
trol of their brain activity in a relatively 
short time” (p. 57), and whose subjects 
reported states "closely resembling de- 
scriptions of Zen and Yoga meditation" 
(p. 58), appears to have given his subjects 
only 20 min each of Suppression and en- 
hancement training, although this discursive 
report is unclear, Kamiya (1969) reported 
an experiment in which his research par- 
ticipants had only 8} min each of enhance- 
ment and suppression training. Neverthe- 
less, most of these persons apparently re- 
ported the "high alpha state," Finally, in 
Nowlis and Kamiya's (1970) Study, which 
found "significant" enhancement of alpha 


occurrence of “alpha 
min of 


training directly contradicts the findings of 


these earlier studies, 
der the issue of havin 
ights оп. Brown (1970, 


Kamiya (1968, 
jects with eyes 
i (In fact, she used 
visual feedback.) However, of ex. 

interest is Nowlis and Jo. Ven greater 


“looking” is unlikely—lights ofr) was the 
most thorough way of investigating the 
alpha phenomenon. Considering that Brown 
(1970) and Nowlis and Kamiya (1970) 
also trained their Subjects with eyes open, 
one can only be puzzled by the following re- 


mark by Hardt and Kamiya concerning my 
study : 


In a study which had as one of its objectives the 


assessment of the subjective qualities of enhanced 
alpha, the requiremen 


in a lighted room f 


It is peculiar, to Say the least, that one of 
the conditions under Which a phenomenon 
was discovered is now asserted to be a good 
Way of preventing that same phenomenon. 
Evidently, the alpha phenomenon is a rather 
ephemeral one indeed, 

Finally there is the question of the length 
and order of trials, My trials were all 3 
min long, and I alternated between generate, 
rest, and suppress trials, Kamiya (1968) 
employed a similar procedure of alternating 
between 5-min long enhancement and sup- 
pression periods, Kamiya's 1969 procedure 
was even more like mine: He gave his sub- 
jects alternating blocks of 21-min long en- 
hance, Test, and suppress trials, 

О summarize so far, it appears that, 
relevant to Hardt and Kamiya's criticisms, 
my methodology was at least as effective as 
that Which was employed by the four. studies 
that discovered the Very phenomenon under 


investigation, Hence we can see that it is 
Certainly not the case that I “designed 
the feedback training in such a way as to 
Minimize 


; Nowlis & K 
Ployed an integrate, 
alpha Strength and 


amiya, 1970). I em- 
d amplitude measure of 


а proportional feedback 
Signal, Whereas these other studies used а 
Percent time Measure of alpha abundance 
and а binary feedback signal. Travis 
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Kondo, and Knott (1974) offer data sup- 
porting the superiority of the former method, 
and even Hardt and Kamiya (1975) recom- 
mend amplitude integration over the percent 
time technique. 
. With the above considerations in mind, 
it is clear that Hardt and Kamiya's criti- 
cisms of my work implicate an even greater 
Criticism of Kamiya's own earlier work, as 
well as Drown's, which are the very empirical 
“foundations” of the alpha phenomenon. 
Thus, if my methodology was too “deficient” 
to produce “positive achievement at alpha 
enhancement,” then certainly this is also the 
Case for these earlier works. On the other 
hand, if Hardt and Kamiya's criticisms of 
my methodology are as incorrect as they are 
“supported by data, then my research was 
ап adequate test of the phenomenon. Thus, 
either way, my research has at least demon- 
Strated that the claims of these classic stud- 
tes—that it was alpha enhancement per se 
that led to the achievement of alpha experi- 
€nces—are not accurate. Furthermore, my 
Study necessitates our searching for a new 
explication of the results of the previous 
alpha research. The explication that I have 
Offered (Plotkin, 1976; Plotkin & Cohen, 
їп press; Plotkin, Mazer, & Loewy, Note 
) is essentially the same as that offered by 
Several other researchers (Beatty, 1972; 
Grynal & Jamieson, 1975; Lynch & Paske- 
Witz, 1971; Lynch, Paskewitz, & Orne, 
1974; Peper, 1971; Walsh, 1974): The 
experiences that occur during alpha training 
May be primarily due to such related vari- 
ables as suggestion, expectation, initial bias, 
Ог the demand characteristics of the experi- 
Mental setting, as well as to the personal 
Characteristics of those persons who engage 
11 such training. We must conclude that 
Tardt and Kamiya must also now explain 
the results of the classic alpha studies in 
terms of such variables as suggestion or 
Persuasion, This state of affairs is par- 
ticularly ironic in light of one of Kamiya’s 


(1968) conclusions from his earlier alpha 
Tesearch : 


р, 
гаре Our increasing concern over control of 
imp dividual by psychological persuasion could be 

Inished. People with full control of their 
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internal states might be better prepared to resist 
external control. (р. 60) 


There are quite a few research reports that 
have failed to replicate the alpha phenomenon 
—both the conclusions of alpha enhancement 
above optimal baselines, and of reliably 
associated subjective states (e.g. Beatty, 
1972; Lynch et al., 1974; Orne & Paskewitz, 
1974; Peper, 1971; Plotkin, 1976; Plotkin 
& Cohen, in press; Regestein, Pegram, 
Cook, & Bradley, 1974; Plotkin et al., 
Note 1). Moreover, I have been unable to 
find any well-controlled research that has 
replicated the phenomena. The only such 
works that Hardt and Kamiya refer to are 
four of their own papers (Hardt, 1974, 
Note 2, Note 3; Hardt & Kamiya, Note 4), 
none of which are as yet published or 
generally available. If they ever do become 
available, if they do claim that they have 
shown alpha enhancement significantly above 
eyes-closed resting levels, and if they do 
claim that the alpha experience is reliably 
and intrinsically associated with these higher 
alpha levels, we will have to ask the follow- 
ing two crucial questions about their re- 
search: (a) Were adequate procedures 
used to demonstrate actual increases above 
optimal eyes-closed levels, and (b) were the 
necessary experimental controls adequately 
employed to determine to what degree the 
reports of alpha experiences were explanable 
in terms of the aspects of the feedback situa- 
tion other than alpha levels per se. Unless 
we are able to confidently answer yes to 
both these questions, Hardt and Kamiya’s 
recent work will not further our understand- 
ing of the alpha phenomenon. Let us now 
consider the recent research relevant to the 
above two questions. 

First I will review the literature relevant 
to the question of whether or not alpha can 
be enhanced significantly above optimal eyes- 
closed baselines. Lynch and Paskewitz 
(1971), in a review of the literature up to 
that time, concluded that 


the alpha densities which can occur in the feed- 
back situation may approach those seen in that 
same individual under optimal baseline conditions, 
but will not significantly exceed them. (p. 213) 
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These authors hypothesize that feedback will 
allow persons to increase their alpha levels 
only in circumstances that cause an initial 
decrease below optimal baselines (ie, “ad- 
aptation and habituation”). Podlesny and 
Raskin (1974) gave two of their subjects 
120 min of enhancement feedback (with 
eyes closed) over six sessions, T hey found 
that training did not produce alpha densities 
or alpha durations greater than eyes-closed 
resting levels. Travis et al. (1974), al- 
though giving their subjects only 50 min of 
enhancement feedback with eyes closed, 
found that those persons who received pro- 
portional feedback increased their integrated 
alpha levels above initial baselines. How- 
ever these increases above baseline were 


o level off after 
efeedback baseline 
long, which may 
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150 min of enhancement 
feedback (over si 


owever, we should note that 
Orne used a percent ti 
measure, which is not as sensitive or eff 


tive as integrated amplitude, 
above, 


ec- 


constitute an adequate t 
ployed an integrated am 
long training. Hence 
that, relative to Hardt 


est since none em- 
plitude measure with 
› We must conclude 
and Kamiya’s com- 


WILLIAM В. PLOTKIN 


mentary, there are absolutely no published 
studies in the literature (including the four 
classic studies) that have adequately tested 
the possibility of “positive achievement p 
alpha enhancement" Thus, it is possible 
that longer training (with eyes closed, an 
integrated amplitude measure, and propor- 
tional feedback) «vill result in the enhance- 
ment of alpha strength above eyes-closed 
baselines, although it should be remembered 
that such a demonstration would constitute 
a different finding than that previously re- 
ported as the alpha phenomenon. However, 
even if this is the case, researchers will 
have to be most careful in obtaining and 
interpreting their participants’ subjective 
associations. For, as we have seen, Hardt 
and Kamiya must now account for the oc- 
currence of alpha experiences in all previous 
studies to be due to variables other than 
"positive achievement at alpha enhance- 
ment," which they now hold could not have 
been achieved with the inadequate meth- 
odologies that all previous studies have em- 
Ployed. And since these situational vari- 
ables were so potent in the past, it is clearly 

y that their effects are carefully 
controlled for in the future, 

There appear to be several aspects of the 
feedback situation that could very well ac- 
count for most or all aspects of the sub- 
Jective experiences reported to be associated 
With alpha. Chief among these are (a) sug- 
gestion and expectation, (b) the sensory- 
deprivation qualities of the feedback circum- 
stances, and (c) the experience of success at 
the feedback task. Let us consider these 
individually, 


It is well known that Suggestion or ex- 


pectation has a very powerful influence on 
the often unusual experiences associated 
with hypnosis and psychedelic drugs, a5 
Well as on all sorts of more common ex- 
Periences. I have already listed the many 
Papers whose authors have hypothesized 
that Suggestion and expectation—explicit 0T 
implicit, conscious ог unconscious—ate 
likely to Play important roles in the develop- 
Ment of alpha experiences during alpha fee 
back training, Walsh (1974) and Plotki” 
(1976) have offered evidence to this effec" 
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Moreover, several studies (Orne & Paske- 
Witz, 1974; Peper & Mulholland, 1970; 
Plotkin & Cohen, in press; Travis, Kondo, & 
Knott, Note 5; Yock, Note 6), which 
have minimized implicit or explicit sugges- 
tion, have failed to find a reliable association 
between enhanced alpha and the alpha ex- 
perience, although Hardt and Kamiya would 
argue that this is due to inadequate training 
procedures, 

Another significant characteristic of the 
typical feedback situation (and of the one 
that Hardt and Kamiya strongly recom- 
mend) is the way in which it resembles a 
Sensory-deprivation experiment. Trainees 
are usually asked to sit in a comfortable 
chair, or to lie on a bed, which is typically 
Situated in a soundproof room with low 
lighting or none at all. Moreover, trainees 
are often asked to close their eyes, relax, 
and not to move around (in order not to dis- 
turb the electrodes). On top of all of this, 
the standard feedback signal is a monotonous 
tone, often appearing over a headphone set, 
which the trainee is constantly monitoring in 
order to track his changing alpha levels. 
This last feature also reminds us very much 
of many meditation techniques, in which the 
Meditator focuses or limits his attention to 
à monotonous, repetitive process, or to an un- 
changing object, such as one's breathing, a 
mantra, chanting, or a mandala. Consider- 
Ing these aspects of the typical feedback 
Situation, we would be surprised if the 
trainee did not report that he was relaxed, 
and we would certainly have no grounds 
for amazement if we heard reports, similar 
to sensory-deprivation effects, of loss of body 
awareness and the associated feelings of 
lightness, floating, or space, to say nothing 
of “loosing awareness of the external en- 
vironment.” However, as with sensory dep- 
rivation, some persons may react to this 
feedback situation with anxiety or panic. 
This is supported by the reports of a few 
of my research participants who felt that 
high alpha was associated with anxiety 
(Plotkin, 1976), and by Orne and Paske- 
Witz’s (1974) observation that their sub- 
jects’ feedback-enhanced alpha levels did 
Not decrease during periods of reported 
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anxiety and heightened arousal produced by 
the anticipation of electric shock. 

Finally, let us consider the possible effects 
of the experience of success at the feedback 
task. This factor could be helpful in ex- 
plaining the pleasant affect and enthusiasm 
of the subjective reports. For many per- 
sons, the self-control of an “involuntary” 
bodily process, especially one as mysterious 
and vital as brain wave activity, is certainly 
not an ability that is thought to be trivial 
or easily learned. Hence, the acquisition of 
such a skill can be justifiable cause for feel- 
ings of unusual self-mastery and the ac- 
companying positive affect and  elation. 
Lynch et al. (1974) report that their sub- 
jects’ "positive subjective reactions to the 
feedback procedures" were most likely due 
to "the fact that subjects were told that the 
experience would be a pleasant one, and all 
subjects had some degree of success in in- 
creasing the amount of feedback they re- 
ceived" (p. 408). We may also note in this 
context that the "placebo" characteristics of 
successful feedback training may very well 
be significantly more powerful than those of 
drug placebos. A trainee would be expected 
to become much more involved in—and 
thereby influenced by—changes that he can 
see himself as having produced than by 
changes that he attributes to drug effects 
(even though he is also, in fact, the agent of 
change in the latter case when the drug is an 
inactive placebo). Thus, we would expect 
the experience of success in electroencephal- 
ogram (EEG) feedback training to greatly 
amplify the effects of any suggestions or 
expectations that may already be active. 

Having considered the above three cate- 
gories of variables, we are now in a better 
position to critically appraise the assertion, 
by Hardt and Kamiya or others, that the 
alpha experience is reliably and intrinsically 
associated with enhanced alpha levels per se 
produced by longer training with eyes closed. 
First, let us be clear that this assertion may, 
in fact, be correct, However, we can now 
understand that any alleged demonstration 
to that effect would be meaningless if it did 
not adequately control for the effects of 


these other variables, especially when we 
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consider that all three of these variables 
would be expected to increase in potency 
with the increases in training length that 
Hardt and Kamiya claim to be necessary to 
show “positive achievement at alpha en- 
hancement.” (In fact, it is quite possible 
that Hardt and Kamiya’s observation of 
more frequent and “powerful” alpha experi- 
ences with longer training will be found to 
be primarily due to the increase in the 
power of these three variables over longer 
training than due to increased alpha strength, 
if any.) 

I would like now to consider some further 
issues that Hardt and Kamiya have raised, 

First, I have three comments about their 
criticism of m 
cipital-frontal) 
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sion or eye movements were very rarely 
seen, but on the few occassions on which 
they were observed the graphic recording 
allowed us to correct for their artifactual 
effects on alpha Scores, and to warn the 
research participant to avoid muscle ten- 
sion as a control strategy. Second, the Е; 
placement is evidently sufficiently far back 
on the scalp to avoid the large eye artifacts 
that Hardt and Kamiya mentioned. ne 

Next, let us consider Hardt and Kamiya 5 
comment that “by frequently interrupting 
the trainees (every 3 min) to change the 
task, it is guaranteed that the subtle psy- 
choneural state of high alpha will not have 
much time to develop and will probably not 
be seen” (р, 102). As is true for most of 
their assertions, Hardt and Kamiya have 
offered no data to Support this claim, nor 
the related claim that frequent baselines 
during training “serve only to distract the 
trainees.” Furthermore, these claims are 
most puzzling in light of the data that are 
available that show that frequently changing 
the task does not guarantee the nonoccur- 
тепсе of the alpha experience. These data 
are found in Kamiya’s own earlier work, 
in which the “psychoneural State of high 
alpha” was first reported. As we saw 
earlier, Kamiya (1968, 1969) altered the 
experimental task їп nearly the same 
Way that I did. Moreover, Í could argue 
that giving the trainee an Opportunity to 
alternately practice alpha enhancement and 
Suppression with interspersed rest periods 
leads more quickly to "effective" alpha en- 
hancement than enhancement training alone, 
Since the trainee learns the nature of the 
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the opportunity 
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Third, Hardt and Kamiya criticized my 
baseline-measuring procedure as being in- 
appropriate since it obscured “any carry-over 
effects from all the previous training” (p. 
103). However, a glance at the data demon- 
Strates that this was not the case: Baseline 
periods remained relatively stable throughout 
the sessions, showing only the expected small 
rise (158, 159, 163, 166, 167, 164). Since 
the baselines showed virtually no change 
relative to the change across trials of the 
Suppression and enhancement scores, it is 
not the case that carry-over effects were 
obscured. Moreover, I did not “assume” 
that this would be the case. As mentioned 
in my article, pilot work was conducted be- 
fore an effective baseline-measuring pro- 
cedure was decided upon. This pilot work, 
as well as the research itself, demonstrated 
that persons were able to quickly gain 
sufficient control over alpha to “not do it” 
during the baselines. Hardt and Kamiya 
Went on to assert that my baseline procedure 
would not be effective if I was measuring 
breathing rates while “climbing up or down 
а 10,000-ft. mountain” (р. 103). Although 
this observation is undoubtedly correct, it 
clearly has no relevance here—turning alpha 
Оп and off is simply not a similar task to 
Mountain climbing. Moreover, the relatively 
high stability of my baselines attests that I 
did not make unreasonable demands on the 
baseline situation, Once again, Hardt and 
Kamiya should be encouraged to first gather 
the necessary data before making assertions 
Of an empirical nature. Finally, in this con- 
hection, Hardt and Kamiya have stated that 

gave no reasons for the insufficiency of 
Kamiya’s (1969) interpretation of his rising 
baselines, I assumed that the insufficiency 
would have been clear in the context of my 
discussion : Namely, that no data were pre- 
Sented which ruled out the equally obvious 
interpretation—that both the baseline and 
*nhance levels were showing spontaneous 
creases independent of training effects 
Der se, 

Ns is another issue related to baseline 
suring that Hardt and Kamiya bring up. 
"ii assert that if my baselines did rise, 

Y success scores would underestimate en- 
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hancement and overestimate suppression. 
On the other hand, if they did not change 
much, “this could be taken as evidence that 
the trainees are not really 'getting into' the 
really powerful enhancement experience, 
which spills over into the baselines if it is 
effectively evoked" (p. 105). Thus, with 
no adequate data in hand, Hardt and Kamiya 
are asserting that, regardless of my results, 
my methodology must have been inappropri- 
ate. However, there is no evidence that 
alpha enhancement must "spill over into 
the baselines" or even that it usually does. 
Moreover, those persons in my feedback 
groups who reported experiences most like 
the alpha experience did not show baselines 
rising any faster than the average, nor were 
their baselines following enhance trials any 
higher, on the average, than their baselines 
following suppress trials. 

Fourth, Hardt and Kamiya have criticized 
my success scores for allegedly obscuring 
“the ‘recovery’ aspects of the training by 
eliminating absolute magnitudes of alpha 
activity" (p. 102). By "recovery aspects," 
they refer to the recovery up to eyes-closed 
resting levels from the initial depression 
caused by opened eyes, lights, or other fac- 
tors. I have two comments: (a) As we 
have seen above, there are absolutely no 
published studies that report alpha enhance- 
ment significantly beyond these "recovery" 
levels. Hence it is a rather empty criticism 
that I may have obscured an effect that al- 
ways occurs. (b) There are, as yet, no 
widely agreed upon ways of measuring 
optimal eyes-closed baselines, and thus no 
agreed upon ways of measuring (or obscur- 
ing) "recovery" effects. 

A final “methodological deficiency" that 
Hardt and Kamiya find in my study is my 
failure to measure the “ego strength" of my 
trainees. Due to this oversight on my part, 
Hardt and Kamiya caution us that my 
trainees “might have been derived pri- 
marily from the low-ego strength group, 
which is inherently less adept at alpha con- 
trol” (p. 104). With this criticism, Hardt 
and Kamiya reach new heights of post hoc 
speculation. Clearly, the burden of proof 
rests squarely on Hardt and Kamiya’s 
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shoulders when they make this and their 
numerous other unsupported criticisms. 
Moreover, it does not appear that my re- 
search participants were any less successful 
at alpha enhancement than anyone else's, 
As reported in my article, 46% of my feed- 
back trainees were successful in enhancing 
their alpha strength significantly above their 
baseline levels with the lights off. I know 
of no study that has shown greater success 
at enhancement than this under lights-off 
conditions. Hardt and Kamiya repeatedly 
overlook this fact in their references to my 
“ineffective,” “deficient,” and "less than 
optimal” methodology, 
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т, although alpha 


of .188 (df — 1, 16, p> 6) 
057 (df = 1, 16, p> 8) 
О summarize so fa 


levels significantly bey 
closed baselines may be 


the point of view of the traj 
enhancement scores, th 
or general methodologic 
addition, we have seen that, е 


WILLIAM B. PLOTKIN 


experience is in any way intrinsically as- 
sociated with enhanced alpha per se. 

I would like now to consider a few re- 
maining points that Hardt and Kamiya have 
raised about my design and conclusions. 

Toward the beginning of their commen- 
tary, Hardt and Kamiya demonstrate some 
confusion about the nature and significance 
of the two control strategies that I investi- 
gated—the Oculomotor and Cognitive strate- 
gies. To their understanding, the Oculo- 
motor strategy “does not imply any neces- 
sary behavioral or psychological strategies 
(p. 101). Rather, they think it merely con- 
cerns “a hypothesis about how training of 
alpha control is made possible physiolog- 
ically” (p. 101). This is clearly a misunder- 
Standing. First, it should be clear that all 
strategies, Tegardless of their nature, (a) 
have a cognitive aspect and (b) are be- 
havioral (ie, not merely physiological). 
This is simply a logical reminder that to 
speak of a “strategy” 


distinctions acted upon 


е, all strate- 


rategy is not cognitive js 
is not, in fact, 
z * It is for this reason that 
it was unfortunate that I chose Cognitive 
ne of the strategies since 
ed to some that the other 
otor) Strategy did not have a cog- 
Pect (or that it was not behavioral). 
> Oculomotor Strategy is, of course, be- 
lavioral and jt does have a cognitive aspect 
trainee distinguishes the 
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processes could be involved” (p. 101), as 
Hardt and Kamiya fear). The Cognitive 
strategy was given that label simply be- 
cause it does not have a visible physiological 
aspect (other than occipital alpha itself), 
and thus is more “purely” cognitive. How- 
ever, I acknowledge the confusion that I 
may have generated with this choice of 
language. 

Second, Hardt and Kamiya’s comments 
express a related misunderstanding of Mul- 
holland and Peper’s work on occipital alpha 
and the oculomotor system (eg. Mul- 
holland, 1968; Mulholland & Peper, 1971). 
They imply that by having based parts of 
my experimental design and conclusions on 
the work of Mulholland and Peper, I did 
not stay on the behavioral level. However 
Mulholland and Peper’s work (as reviewed 
in my article) does primarily involve the 
behavioral level, The major paradigm they 
employed in this aspect of their work was 
to ask their research participants to engage 
in various forms of looking behavior, such 
as focused or blurred tracking, while they 
recorded changes in the occipital alpha 
thythm. Their results demonstrate reliable 
and systematic correlations between con- 
Sciously initiated visual control processes 
and occipital alpha densities. This research 
directly demonstrates the effectiveness of the 
Oculomotor strategy of alpha control on the 
behavioral level. However, it is precisely 
because one cannot conclude from this re- 
search that the Oculomotor strategy is the 
only effective control strategy, that studies 
of the kind I conducted are necessary. How- 
ever, the results of my study demonstrated 
that (a) the Cognitive strategy that I 
studied was not effective for most persons, 
but that (b) there was a different “cogni- 
tive” strategy (involving the degree of sen- 
sory awareness) that was effective for nearly 
all persons, and (c) this latter strategy is 
not independent of the Oculomotor strategy, 
as shown by the fact that those persons who 
employed this strategy were handicapped to 
the same degree by the same conditions that 
handicapped the persons employing {һе 

culomotor strategy (i.e. no lights). More- 
Over, given that the same changes in looking 
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behavior that constitute the Oculomotor 
Strategy also occur (incidentally) during 
exercise of this “cognitive” strategy, it is a 
reasonable and parsimonious hypothesis that 
the same physiological processes occur dur- 
ing both strategies. In addition, a search of 
the literature concerning the occipital alpha 
rhythm does not reveal any experiment in 
which oculomotor functions have been ex- 
cluded as a cause of alpha strength changes. 

It is in this connection that Hardt and 
Kamiya have misunderstood the significance 
of the findings of Chapman, Cavonius, and 
Ernest (1971), who reported normal alpha 
activity in eyeless subjects. A reading of 
the research on occipital alpha and the 
oculomotor system (e.g., Mulholland, 1968, 
1973; Peper, 1971; Wertheim, 1974) makes 
it clear that it is not hypothesized that oc- 
cipital alpha blocking is caused by—or di- 
rectly indicates—peripheral oculomotor activ- 
ity (ie. activation of the muscles in and 
around the eye), but rather that it indicates 
central (cortical) oculomotor processing (i.e., 
the neural efferent activity involved in oculo- 
motor activation.) For example, Mulhol- 
land (1973) hypothesized that it is “both 
efferent visual control processes and afferent 
processes and their integration occurring in 
the cortex [that] are involved in the sup- 
pression of alpha” (p. 140). Chapman 
et al's research was designed to refute 
charges that occipital alpha activity was an 
artifact related to eye activity per se. It was 


‘not a disproof of the association between 


occipital alpha and oculomotor processing in 
the cortex. Thus, although the peripheral 
physiology (i.e. the eyeball and extraocular 
muscles) is most useful in studying the 
oculomotor system, this physiology is not 
hypothesized to be the site or source of 
alpha blocking. Moreover, the finding of 
alpha blocking in eyeless subjects to "hard" 
mental tasks is precisely what we would 
expect. This is the same phenomenon seen 
in normals, and has been explained as a 
function of cortical oculomotor activation as 
a normal component of the well-known 
orienting response (Mulholland, 1968; 
Wertheim, 1974; Zickmund, 1969). This 


continued oculomotor efference in eyeless 
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persons may be to some extent analogous 
to the “phantom limb” phenomenon in am- 
putees. ь 

At another point, Hardt and Kamiya at- 
tempt to refute the Oculomotor hypothesis 
by claiming that subjects’ emphasis on visual 
mechanisms for alpha enhancement is typ- 
ical only of the “early phases of training.” 
However, this finding is quite consistent 
with the oculomotor hypothesis. It would 
be expected that trainees would no longer 
mention visual strategies after a little en- 
hancement training simply because “looking” 
is what they are not doing, and hence it is 
natural that they would instead report what 
they are doing (e.g., daydreaming, becoming 
anxious, meditating, problem solving, being 
bored), even though the significance of what 
they are doing, relative to alpha enhance- 
hat they are not “look- 
Teasoning may also ex- 
visual strategies persist 
In this case, “looking” 
doing. 
we can see that the 
enhancement train- 
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motor functions serve as mediators of ш 
self-control of occipital alpha. They thet 
listed a few studies that seemed to them to 
offer such evidence. However, the finding 
that some somatic processes sometimes 
change concomitant with alpha changes E 
not imply that these processes necessari у 
do—or even can—serve as mediators 0 
alpha control. The first step of such 4 
demonstration of mediation is to show that 
these processes change while a person E 
controlling alpha. The available TAST 
reviewed in my article, shows negative find- 


1 i i 1 е n 
ings whenever such Investigations have bee! 
conducted, 


Concerning the connection between 


arousal level and alpha activity, Hardt and 
Kamiya have once more demonstrated their 
unfamiliarity with the recent research, for 
they have deemed it necessary “о complet 
[my] partial view of the influence of arousa 
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very theory (Lindsley, 1956; Malmo, 1959) 
that I sought to amend based on more re- 
cent, conflicting evidence (e.g., Mulholland, 
1968; 1973; Orne & Paskewitz, 1974), The 
earlier theory claimed that high alpha is 
seen only at an intermediate 
Although this is often the case, more recent 
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tative state while meditating during alpha 
feedback, we have learned nothing about 
the potential effects of feedback-augmented 
alpha levels per se, nor anything about the 
intrinsic subjective correlates of enhanced 
alpha, since the meditation and biofeedback 
variables are totally confounded. The mere 
fact that both meditators and neophyte feed- 
back trainees may increase their alpha 
strength tells us nothing e/se about the po- 
tential similarities of the two activities. It 
would be most instructive, in fact, to ask a 
meditator to enhance alpha (with feedback) 
without entering a meditative state. More- 
Over, it appears that the connection between 
meditation and enhanced alpha levels may 
not be very robust, in the first place. Travis, 
Kondo, and Knott (1975) have recently 
found that the occipital alpha production 
of Transcendental Meditators did not change 
Significantly during their meditation, and 
did not increase over premeditation base- 
lines, as previously reported by Wallace 
(1970). 

My recommendation against using alpha 
feedback as a meditation technique was 
based on my finding that enhanced alpha 
levels per se were not reliably or intrinsically 
associated with a meditative state. If ade- 
quately controlled studies of longer training, 
which we are now conducting, reach the 
same conclusion, then I would maintain my 
recommendation despite Hardt and Kamiya's 
reminder that “all methods can be a trap,” 
simply because it will then have been verified 
that alpha enhancement per se is not a 
method at all. On the other hand, if these 
studies do show the hypothesized associa- 
tion between alpha and meditation, then 
alpha feedback would, of course, be useful 
for certain persons. However, in this case, 
the utility of alpha feedback would be in the 
behaviors that the trainee learns he must en- 
Sage in in order to alter the feedback signal 
in the desired manner, and not in the mere 
fact of enhanced alpha strength. Moreover, 
there would be, in any case, a significant 
difference between the “methods” of medita- 
tion and alpha feedback: in the former case, 
there are no external aids. 
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Finally, I would like to make a few brief 
remarks about a basic assumption that 
underlies the attempt to “map” subjective 
states with the EEG and other physiological 
measures. Implicit in this endeavor, for 
many researchers, is a Cartesian mind-body 
dualism (Grossberg, 1972), in which physi- 
ological, and especially neurophysiological, 
states of affairs are thought to be identical 
with—or the cause of—behaviors, experi- 
ences, or states of consciousness. This log- 
ical error, explicated by Ossorio (1974). 
Ryle (1949), and Wittgenstein (1958) 
often results in the use of confusing and 
misleading phrases such as "psychoneural 
state" or "psychophysiological signals of 
calmness and enhanced alpha activity," as 
found in Hardt and Kamiya's commentary. 
In another paper (Plotkin & Schwartz, 
Note 7), we explore in more detail in what 
ways the notion that physiological states are 
formally equivalent to states of awareness 
constitutes a serious logical impediment to 
the understanding of persons, behavior, and 
consciousness. 

In conclusion, considering the available 
data, it is at best questionable at this point 
that “technologically given feedback can 
show people the possibilities of meditation” 
(p. 107) or that there is a “formal equival- 
ence of the tasks of the Yogi and the biofeed- 
back trainee” (p. 107), as Hardt and Kamiya 
conclude. What the scientific community 
requires now is responsible research rather 
than exorbitant claims and enthusiastic 
speculation. 
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Processes: The State of the Art. 


Questions addressed in this lecture include how the brain 
selects what to store, how information is retained, and how 
it is processed and integrated with previously stored infor- 
mation 
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. Outstanding leaders discuss advances and problems in the field of phys- 
iological psychology, clarifying major concepts, methodologies, and 


+ Developed for persons who are not specialists in physiological psychol- 
ogy, these lectures are ideal for those who desire instruction or updating 
in the area as teachers, researchers on other problems, practitioners, or 
interested scholars. 


* Sponsored by the Convention Board of APA, the Master Lectures on Phys- 
iological Psychology were held during the 82nd Annual Convention of 
APA in New Orleans, August 1974. The taped lectures were edited by Dr. 
J. Russell Nazzaro, APA Educational Affairs Officer. 


e Contents: Eight tape cassettes and album brochure containing informa- 
tion about the individual lecturers and a description of each tape. 


Price per album: $75 


W Neal Miller, Rockefeller University. Fact and Fancy about 


Biofeedback and Its Clinical Implications. 


Discusses current research in biofeedback and the general 
status of the field; postulates that people can learn to con- 
trol visceral functions by using information provided through 
biofeedback. 


Stock No. 14 С-60 cassetto $10 


John Money, Dept. of Psychiatry, Johns Hopkins University. 
Ditferentiation of Gender Identity. 


Discusses various factors, other than chromosomes, that in- 
fluence a person's sexual identity: for example, endocrine 
malfunction, child abuse, accidental injury, and deprivation. 


Stock No. 15 С-90 cassette $10 


Kurt Schlesinger, Dept. of Psychology and Institute of 
Behavior Genetics, University of Colorado, Boulder. Be- 
havior Genetics: Current Status and Perspective, 


Defines behavioral genetics and provides an overview of 
current research and theories. Examines interaction of ge- 
netic and environmental factors in determining behavior. 


Stock No. 16 C-90 cassette $10 


Hans L. Teuber, Massachusetts Institute of Technology. 
Brain Function: Key Questions in the Study of the Brain 
and Human Behavior. 


Using clinical cases and laboratory studies of animals with 
neurological impairment, Dr. Teuber provides extraordinary 
insights about the functioning of the nervous system, and 
reveals his insights regarding the neuropsychology of per- 
ception, measurement, and memory. 


Stock No. 17 C-50 cassette $10 


Wilse B. Webb, University of Florida. Current Sleep Re- 
search: Methods and Findings. 

Describes the many facets of research related to sleep, its 
characteristics, and ils effect on all other behaviors. 


Stock No. 18 С-90 cassette $10 
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human participants 
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with the best standards 
of science, ethics 


and the law. 


For this reason, the American Psychological Association has published Ethical 
Principles in the Conduct of Research with Human Participants to ensure the 
highest standards in all clinical research on human participants. Specifically, 


. * the 104 page book discusses such issues as freedom from coercion, the utiliza- _ 


tion of research results and the scientific obligation of clinical research on 
humans and of vital importance to the progress of science. 
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